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ABSTRACT 

This hearing on computer assisted instruction t.rd the 
use of educational technology in classrooms was held in response to a 
presidential request that instructional innovation be given special 
attention, particularly in science and mathematics education, in 
every congressional district. This transcript of the hearing includes 
statements presented by the following witnesses: (1) Walter E. 
Massey, Director, National Science Foundation; (2) "Educational 
Technology: Computer Based Instruction" (David T. Kearns, Deputy 
secretary. Department of Education); (3) "Educational Technology: New 
Tools for Teaching and Learning" (Linda G. Roberts, Senior Associate, 
Science, Education, and Transportation Program, Office of Technology 
Assessment) ; (4) "Computer Based Instruction— Technology & 
Implementation" (Ronald F. Fortune, President, Computer Curriculum 
corporation (43 references); (5) Albert Shanker, President, American 
Federation of Teachers; (6)' "Interactive Digital Multimedia and 
School Learning Environments" (Leroy J. Tuscher, Professoi of 
Education and Computer Science, Lehigh University (17 references); 
(7) "Educational Technology: Computer Based Instruction" (G. Thomas 
Houlihan, Superintendent, Johnston County Schools, Smithfield, North 
Carolina); and (8) "Statement of the U.S. Chamber of Commerce on 
Educational Technology: Computer-Based Instruction" (Jeffrey H. 
Joseph, Vice President of Domestic Policy for the U.S. Chamber of 
Commerce) . (DB) 
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EDUCATIONAL TECHNOLOGY: COMPUTER- 
BASED INSTRUCTION 



TUESDAY, JUNE 18, 1991 

U.S. House op Representatives, 
Committee on Science, Space, and Tech nolo gy, 
Subcommittee on Technology and CoMPETrnvENEss, 

Washington, D.C. 

The subcommittee met, pursuant to call, at 9:40 a.m., in Room 
2318, Rayburn House Office Building, Hon. Tim Valentme [chair- 
man of the subcommittee] presiding. ... J 

Mr. Valenitne. Ladies and gentlemen, we 11 get started. 

In some cases, our schools are far and away the most comprehen- 
sive and expensive information and knowledge transfer system in 

our Nation. , ^. i j 

Yet, for the most part, the information revolution has passed 
them by. Despite increases in the number of classrooni computers, 
occasional CD-ROMs and a few information technology experi- 
ments, today's students are being taught largely m the same way 
that their parents and grandparents were taught. 

Yet, the past decade has seen the emergence of wondrous new 
technologies that have changed the way that we live and work and 
should be permitted to change the way that we learn. 

New technologies which could have a major impact on education, 
hit the market every year. For instance, the high definition sys- 
tems we discussed in hearings in May could spark a revolution in 
education just as rapidly as it might in home entertainment. 

Through educational technologies, instruction from experts in 
academia, business, and government could conceivably reach sti; 
dents in the most remote parts of our country. Scientific expen- 
mentation, usually performed on high-cost equipment and instru- 
mentation, could be simulated on classroom computers at a trac- 
tion of the cost. And the abstract theoretical concepts of the basic 
sciences and mathematics could be presented on the computer 
screen interactively in a way that students could easily visualize, 
manipulate, and thus understand. . ^. , . 

President Bush has asked that innovative approaches to educa- 
tion be given special attention and has called for model schools in 
every congressional district. He has given us a broad outline of his 
new vision, but, as of yet, few of the details to guide us 

My hope is that the Congress will be willing and able to work 
with the administration to add some substance to the proposal and 
explore the potential that modern information technology has to 
offer the education of this Nation's young people. 
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Today we're honored by having an outstanding group of wit- 
nesses. I'm pleased to say that our key education agencies, which 
are represented here today, understand the promise that technolo- 
gy holds in shaping the classroom of the future. 

I'd like to welcome especially Dr. Walter Massey, who is the Di- 
rector of the National Science Foundation; and Mr. David Kearns, 
who is the new Deputy Secretary of Education, and former Chair- 
man and Chief Executive OfHcer of the Xerox Corporation. 

Dr. Massey and Mr. Kearns, we have ail heard, of course, excel- 
lent things about both of you; some as recently as a few minutes 
ago from Dr. Ritter. And on behalf of the subcommittee, I would 
lilke to extend a special welcome to you and I sincerely hope that 
our future cooperation in addressing the Nation's problems will be 
fruitful and make a substantial difference. 

In addition. Dr. Linda Roberts from the Office of Technology As- 
sessment, who is a distinguished expert in this field, will be with us 
today and testify. 

We also have Dr. Ronald Fortune, who is President of Computer 
Curriculum Corporation in Sunnyvale, California; Mr. Albert 
Shanker, President of the American Federation of Teachers. 

And we also have my very good friend. Superintendent of John- 
ston County Schools in the State of North Carolina, Dr. Thomas 
Houlihan. 

We have Mr. Jeffrey Joseph, Vice President of Domestic Policy 
for the United States Chamber of Commerce. 

And let me say before I go much further, to Dr. Houlihan, that 
given the proceedings that are under way in the North Carolina 
General Assembly having to do with a topic which is near and dear 
to the heaii of most Members of Congress, known as redistricting, 
we might be together again. 

And Dr. Leroy Tuscher is Director of Educational Technology 
and Professor of Technology and Computer Science at Lehigh Uni- 
versity. 

I look forward to hearing firsthand what educational technology 
can do today and what it might do in the future — all of us on the 
subcommittee do. 

I'd like to explore with the witnesses what the Nation— from the 
Federal level to the local level— can do to take "technology in the 
schools" from concept to commonplace. 

I'd like to make just two more comments before recognizing our 
distinguished colleague from Florida. I'm pleasfni to announce that 
we will have a special group of guests with us today— Calvert 
County students from the congressional district of the gentleman 
from Maryland, Mr. Gilchrest, and students from Prince George's 
County are present — or will be present — to demonstrate some of 
the computer technology and show us exactly what kind of role 
technology plays in educating our young people. 

I'd like to encourage members, staff, and others who are here 
today to attend the demonstration, which is to begin immediately 
after the conclusion of this hearing. 

And, finally, as talented and informed as our witnesses today 
are, I expect that there are opinior.s in this audience which will 
not be expressed by them. One of the functions of congressional 
hearings is to build as meaningful and complete a hearing record 
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as circumstances permit; therefore, I would like to extend an mvi- 
tation to those present and others who may know of these proceed- 
ines that you may make your ideas, on the subject before us, avail- 
able to the committee and submit them over the next 10 days for 
inclusion in the hearing record. . , , „ i • u 

And at this time I recognize the distinguished Ranking Member 
of the subcommittee, the gentleman from Florida, Mr. Tom Lewis. 

Mr. Lewis. Thank you, Mr. Chairman. , , 

I welcome Dr. Massey and Mr. Reams and the other witnesses. 

The quality of science and math education has been rn area ot 
major concern of mine for many years. And I think that the need 
to improve education has never been greater. 

Last year, the National Assessment of Educational Progress con- 
ducted a study of math ability in grades 4, 8 and 12. The results of 
the recently released report showed that only 14 percent of the 8th 
graders scored at the 7th grade level or above. 

Equally alarming was the assessment that only 46 percent ot 
12th graders can do 7th grade math work. 

Why the dismal showing? , 

A popular news magazine concluded that one reason was that 
about two-thirds of today's students had never used a computer m 

^^ntiTuing the analysis, the magazine stated: Mucatora say too 
many children are wasting time practicing adding, subtraction, 
multiplying and dividing, when they could be movmg on to more 
interesting and challenging math. i.- « i.u„i. 

Another publication. Space News, ran an editorial stating that 
poor science and math skills keep young Americans from pursuing 

^A^exampl^was given of a major U.S. employer that rejects up 
to 90 percent of its entry level applicants because they cannot meet 
a 9th grade math skills requirement. 

Are the conclusion reached in these articles corrert.' 

I hope today's witnesses will address the issue of whether tech- 
nologyriuch as computer-based instruction, is the answer to better 
qucOity lea ling by our math and science students. 

And, Mr. Chairman, I want to express my appreciation to you for 
calling this important hearing. And I also want to congratulate the 
^ntieman from Maryland, Mr. GUchrest, for his mterest and fore- 
sight in requesting this hearing and demonstration on technology 
in education. 

Thank you, Mr. Chairman. 

Mr. Valentinb. Thank you, sir. . , , , j r ^ 

The Chair recognizes at this time the difltmguished lady from 
Missouri for any opening statement, Ms. Horn. 

m!no^. tLST you! Mr. Chairman, and I do If ve a "totement 
to submit for the record. But let me just say a couple of words here. 

I know that this computer-based instruction is a wonderful thmg. 
In mv district, we are fortunate enough that most of our schools do 
have computers. I have some interns in my office this summer who 
are in college now who have had access to computera smce they 
we in kindergarten. So this is not exactly the cutting edge of 
technology. 
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I'm also aware that in my relatively affluent district, we have 
things that other schools do not have. And that there are many 
schools in many States, and even in my State— nearby schools— 
that do not have these kinds of technologies. 

They are wonderful things. We have a facility that opened re- 
cently in our area in St. Louis that you would perhaps love to visit. 
It's the classroom of the future, it's a multimillion dollar facility 
that takes classroom technology to an edge that really is wonder* 
ful, but is way beyond the means of most school districts at this 
time. 

They do make it available for school visits— field trips by the 
schools. And teachers can come in and program for their own dis- 
tricts, for their own classrooms. So it is a wonderful facility and I 
expect you'd like it very much. It's part of the St. Louis Zoo— it's 
called the Living World Building there, and is a wonderful class- 
room of the future. Very high tech, with some very specialized kind 
of programming, specializing in the life sciences and in the zoology 
areas. 

Our computers aie fun. They give the kids something to do, al- 
lowing the teachers to do other things. They have great promise for 
us in the areas mentioned by the chairman, the Ranking Member, 
and I have great interest in this area, and I'm very delighted to 
have these prestigious witnesses with us. 

Thank you, Mr. Chairman. 

Mr. Valentine. Thank you. 

The Chair recognizes at this time the distinguished member of 
the subcommittee from Pennsylvania, Dr. Hitter. 

Mr. RiTTER. Thank you, Mr. Chairman. And I want to congratu- 
late you on yet another in your continuing series of timely hear- 
ings on how technologj' can contribute to the improved competi- 
tiveness of American industry and American workers. 

I also want to commend the gentleman from Maryland, Mr. 
Gilchrest; and also in particular, the gentleman from Pennsylva- 
nia, the Ranking Member of the full committee, Mr. Walker, for 
his strong interest in this subject and being to some extent, the 
motive force in the formulation of the hearing. 

Our witnesses today will discuss innovative uses of computer and 
information technology as a means of enhancing the quality of 
America's educational processes. 

Our education system is a key supplier to all other sectors of our 
economy. But as we continually hear from the customers of our 
public education system, in particular, the employers, it's simply 
not adequately preparing us for today's global competition. 

As if the acknowledged math and science illiteracy problem 
weren't enough to cope with, there's far too much English language 
illiteracy; and foreign language study is just about off the radar 
screen. 

On top of all this, we have to prepare an entire new generation 
of scientists, engineers, technicians and workers for the factories 
and offices of the future. The nation's educational remediation bill, 
to date, is enormous, as American businesses pay huge sums to 
educate and re-educate employees who did not get near enough in 
our public schools. 
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Thus, as the United States fights back in its battle to regain its 
international competitive edge, improving Americas educational 
system i^ Certain tbbe one of the preeminent challenges we face in 

mSTt^w^fd seem that a natural strategy would involve apply- 
ing America's comparative strengths in information and communi- 
cations technologies to what is emerging as one of o^^moat forrm- 
dable vulnerabilities-the education of our young people a. em- 

^^Mf Chairman, I'd like to welcome our distinguished witnesses 
and look firJJard to their testimony. I would like to njention that 
Datid KeS is uniquely qualified to be deputy ^ecn^^^ 
cation in these difTicult times. As the Chairman and CEO of the 
W Corporation, he led them H orn cert^n death, "smg the prin^ 
ciDles of the quality revolution to bring Xerox to a Malcolm Bal- 
dridge National Quality Award a couple of years ago, and pnmacy, 
and In the great majority of the products that face very stiff global 

""nf^^^ the author of the book, "The Brain Race,'' which o^^^ 
lines a host of strategies necessary to bring America s educational 

with than yield back the balance of my time, Mr. Chairman. 

Mr. Valentine. Thank you, sir. ^, 

The Chair recognizes at this time the gentleman from New 
Hampshire, Mr. Dick Swett, who will preside over the subcommit- 
tee from around 10:30 this morning until around noon. 

Mr. Swett. Thank you very much, Mr. Chairman. 

I will inform you first and foremost, I have a quick meeting 
tween 10 and 10:15. So if I leave directly after my statement, dont 
feel that I'm leaving you in the lurch— I will return. 

rm veiy exd^^ an important bearing that we .^^^^^^ 
having this morning. And I commend you, Mr. Chairman, on your 

^'MuSTtio^of'ou^ children should be a top priority of our 
Nation Our workplace has changed much more drasticaUy over 
The pSit 100 Tears than our classrooms. If we are to remam co^ 
petitive , we must train our children so they are able to respond to 
the challenges they face in- today's workplace^ 

The problems with the current system are not the fault ot ine 
teachere or the administrators. The problem is that they lack the 

^ow ^^ence teachers expect to teach about science in the 
199MS,uTthe'^bUity to sho^the studente what computed da 

Mr Chairman, my commitment to this issue is personal, bince 
my eie^o^i^ a)ng?e8s, I have made it a ^in* ^o t^ach a c^^^ 
every school in my district once a we«k. By the end of the Con 
gress, I hope to have taught in every school in myiistnct. 

And I'll just add my comment to what my good colleague. Con- 
crrPMwoman KeUv Horn has said. Unlike her district, I have trav- 

ComputerLand dve not found current tedmology. And I thmk 
thnt this is something that needs to be correctea. , , ^, , 
YmVe^ ^terS in finding out how that can be done through 
the programs we'll be discussing this mommg. 



I often talked about environmental and energy issues in these 
sessions that I have with students because of my strong belief that 
we must foster a commitment to these important issues at a very 
young age. 

Through this effort I have seen how valuable a computer for 
every student should be. 

Mr. Chairman, I am looking forward to hearing from our distin- 
guished panel of witnesses— and I thank you for this time, which I 
yield back what remains of it. 

Mr. Valentine. I thank the gentleman. 

That's an ambitious undertaking. I am still trying to get a flag to 
every school in my district and not able to do it. 
[Laughter] 

Mr. Valentine. I want to say that the gentleman's undertaking 
is worthy because he's well qualified. I would like to say to my col- 
leagues, if too many of us tried that, it might be the end of public 
education. 

[Laughter] 

Mr. Valentine. I recognize at this time the distinguished new 
Member of our subcommittee whose younger constituents I re- 
ferred to earlier — Mr. Wayne Gilchrest. 

Mr. Gilchrest. Thank you, Mr. Chairman. 

Welcome, Dr. Massey and Mr. Kearns; we look forward to your 
testimony. 

I want to welcome the young people from Calvert County this 
morning, and I look forward to the demonstration later on today. 

Computers and coraputer technology in the public schools will 
not be the panacea for the educational system in the United States 
unless we also understand the purpose and the function of educa- 
tion. 

It's to prepare students and young people to be able to apply, 
once they leave school, what they learned in school, and they will 
be able to apply this knowledge to whatever type of technology 
exists in their neighborhood at the time. 

In order to teach children adequately — whether you have the 
technology or whether you don't have the technology; and technolo- 
gy can be a tremendous advantage if you somehow capture that 
natural sense of curiosity that children have. And if you capture 
that natural sense of curiosity, and you use the technology and the 
human interaction to motivate what it is that you know they need 
to do, then you have started the foundation of their education. 

And once you've started the foundation of their education, and 
they know what they learn in school can he applied outside the 
schoolhouse door, then you've taken another step. 

If you make that information you are giving to those students 
challenging — challenging to those young minds— then they're going 
to go with it. 

If you make the classroom such that they can participate — not 
just sit there and listen, but actually participate— then you're 
moving in the right direction again. 

If once they participate they get a sense of accomplishment — 
that's another proper move. 

If what you give them is moving in intellectual and in an emo- 
tional sense, it is moving because people that learn don't just learn 
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from machines, they learn as human beings, and human bem^ 
em^ionT and they have senses, and they have spints-and if 
you touS fhat with the educational curriculum, then you're 

'Iflt^'^^'bTfewardu^^ every single day is a rewardm^e^^^ 
pnrL aiS if it's £ valuable experience-emotionally, spintuaUy, 
^d it^ applied outeide the schoolhouse door. It's going to be 
Whw^e; aSS I sup^ that's the last thing when teachers 
TiS^te cu^ricXms and le^n plans; they can have aU the tectoo^ 
ogy in the world, but if those characteristics that I just described 
are absent, then there will not be leammg. , , , .„ . 

K aSTof th^ things are appUed, I think the eaimng wiU ^ 
worthwhUe. And don?t forget, these kids are not like machm€fi 
whSTy^u it, you can put a screwdriver m there, you 

^Iy^w mot^T chip in there. ITiese are human bemgs that 
\^ve^e ^ of worthiness, and if you can convey to them that 
they we worthy and that what they're earning is worthwhile, 
then t^ S^ters are going to do miracles in the classroom. 
iS^^d Mr. Koarns, I look forward to your testunony 

A^d^mTpeopie from Calvert County. This is a great place, 
Washington, D.C. 

mTv^SiSI E. The Sr recognizes at this time for an opening 
statemlntX^king Member jf the full committee, the gentle- 

"^r'w'L^'tt^^^ And I would like to Join 

wi^ yr^wdcoming our guests here this mommg, and particu- 
larly those who bring us testimony. . «„^„Hv tViP Director 
a former teacher myself, whose wrfe is cwTently f e Direc^^^ 
of Curriculum in the Lancaster City Public Schools, I do have a 

special interest in today's hearing. ^„ut^i of intense 

Meed comnuter-based learning has been the subject ot intense 
concern toTSi entire committee for sometime. FcUowing up on nu- 
Seroi?heaSig8, this committee, last year, wrote a provision mto 
tlT^ceStence in Science, Mathematics, and Engmeenng Act, 
wWch Se ft^ident into law, our language authorized 

Sr NSpSSrt m computer-based and distance learning. 
^aS pleased that we have witnesses here today from NSF and 
the DSna^ient of Education because both agencies have ongoing 
pr^eSST^ working together to create new software, 

^"SltTnSlJSt^^^^ in with the 

""^^^^STunttht*^^^^^^ efforts can yield great- 

''ZlftiSch^rd?^^'^^^^ the ideal or soH^led socratic teaching 
^J^S^fT^^hB^^re'B A 1-on-l relationship between a skilled 
al^Went! This, of course, for many reasons^ 
nn«5hle where a large number of students must be 
ISishf sSStSSSlly "SI dUemma of our contemporary 

^^cS^"^ tadividuaUy, but are taught in groupe, often 
mSSLlTSm^art^^ to the lowesi common denommator. 
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With the advent of the computer, we see the first signs that cur 
goal of a socratic learning situation for each individual student 
may be attainable. Computer-based learning relieves the teacher of 
the relatively mundane task of simply dispensing instructional ma- 
terial. Instead, in a new role of a real educator, he or she, in close 
consultation with parents, assembles, and implements, curriculum 
packages tailor-made for each student. 

The educator then monitors the progress of each student closely, 
making adjustments to the individualized curriculum packages as 
circumstances dictruj. 

The system would also provide more time for individual consulta- 
tions with the students and management of their student peer ac- 
tivities, including much more interaction between the students 
themselves. 

Mr. Chairman, I wish to congratulate you for your foresight in 
putting together this hearing on computer-based learning and for 
the outstanding qualifications of the witnesses you have assembled.. 

I realize that we still have a lot of hurdles to clear before my 
wife and I and other educators will see our dream of individualized 
instruction come true. But should do everything we can do to 
move it along. The future of our country may well depend upon it. 

Mr. Valentine. Thank you, sir. 

I recognize at this time our colleague from California, Congress- 
man Dana Rohrabacher. 

Mr. Rohrabacher. Mr. Chairman, thank you very much and, 
again, congratulations to you. You've been very innovative in the 
subject matter of this committee, and I congratulate you for it. 

In terms of education, I think that we've— well, we've basically 
got two challenges, as far as I can see. One is to make sure that 
America reaches its potential and that those young people who are 
capable and have the right kind of background and support sys- 
tems reach th / potential so that America can reach its potential. 
And certainly we live in an age of technology and that means these 
kids have to be able to understand computers. 

Frankly, I am loss concerned about that and American competi- 
tiveness in terms of education than I am about a generation of lost 
Americans that we seem to see emerging amciig us, and that is a 
whole generation of young people in our inner cities and Irom the 
underclass that can't write and can't read and can't do numbers. 

And I am just horrified in the realization that many of these 
young people who are left out of this societv are very bright young 
people. They're very bright kids, and tx^ey nave tremendous poten- 
tial in themselves in the beginning, only they just never get beyond 
the first step because they never icarn to read, or thej never learn 
to write. 

Many of the young criminals that are victimizing other citizens 
in our society, when you come to find out, they can't read, and they 
can't get any other jobs, and they can't do numbers, they can't do 
basic math. And I m very concerned about these kids because 
they're going to be with us for the rest of their lives. 

And like many of the other problems facing the United States of 
America, we've seen that technology has a role in solving some of 
the basic problems. As a matter of fact, America has already 
turned to technology for some of these— for answering some funda- 
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mental problems in our society like poUution, et cetera, and cer- 

*1t"^t^°that our education system, much of it is stUl Uke 
it hundred years ago. I would think that education md tech- 
^otoSr JmS t^the? to try to meet tWs chaUenge of teaching 
tte tostoXationa skills of reading, writing, meM«>^^, to the 
vouMoeoDle who are right now being left out of the wrstem. 

A^S^ mSus to hiar your testimonies, especially conce«.mg 
h^^ tedmolMV might be able to teach these young people who are 
!;rbd5^^Sl^ todS but being able to equip them so that they 
won't be left out in the future. 



Thank you, Mr. Chairman 
Mr. Valentine. Thank you, sir. 



The lady from Maryland, Mrs^ Connie Morella. 
Mrs. MORELLA. Thank you. Thank you Mr Chf^^J^^, 
ate also vour setting up this meetmg, and Mr. Gilchrest naving in. 
sJSdeSJs to demonstrate it, and the very distinguished panel that 

'"^ We^riv™i^'g statements because we want you to know in ad- 
vaJlcTeTour^X^^ron the subcommittee and what we are going 

*^^m^DIrtfcularly interested in this hearing. Mr. Chairman as a 
formed ^uclTmysel^, and the subject is of great interest-educa- 
tional technology and computer-based instruction. , ^^ j_ 
Educating our citizens is pivotal in our ability to compete gioDai 
ly M a world power, while also providing the basis for our future 

"^^ShSrto enhance the American educational system have 
aiwavs b^n a concern of mine, and I'm looking forward to hearing 
aS thT^tential for computer-based r^^}'tZ!"2U^^l^^^ 
imnrove and to update our learning system into the 21st century^ 
TTword '^ducato comec from two Latin words, meaning to 
lead from, lead from ignorance into enlightenment 

ittee begins to explore this area of educational teen 
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aroM in need of advancement, as well as determming what is cur 

aL' fteTaduional system is evaluated, we <»f "^^^^^^^^ 

computers can address areas that our system neglects, thereby en 

Iv have a great impact on the traditional classroom, in are^ sucn 
^^?rteacherMudent relationships. And I ^^^mk we mu^^^^^ 
mnrh aware of that We must not ignore such change and we musi 
be able to re^^ the possible detrimental effects to thestodent 
TVio niiPstion rf how far the computer can go in the classroom is 
a ^rti2uUr?Snfer"a challen^ It has been su|g^^ hatrt 
could replace the teacher-a concept, I believe, that necessitates 

'7a^""te'r adequately replace all aspecte of human instruc 

" The benefits of computer-based instruction must be weighed 
aglilist ihe «»ts-bSth in financial as well as human terms. 
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Is the benefit so much greater than our traditional system that 
we can afford any cost? 

As we enter the 21st century, our schools must keep pace with 
advances in technology. 

I'm looking forward to hearing how computers can accomplish 
this goal. 

And I am again very pleased to welcome our distinguished panel 
and look forward to hearing their testimony. 

And to the people from Calvert County, Washington is a great 
place, but so is Calvert County because I just bought some property 
there. 

Thank you, Mr. Chairman. 

[The prepared statement of Mrs- Morella follows:] 
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CONSTANCE A. MORELLA 

SST/T&C 

JUNE 18, 1991 

THANK YOU, MR. CHAIRMAN. AS A FORMER 
EDUCATOR, I SPEAK WITH PARTICUIAR INTEREST ON 
THE SUBJEQ OF TODAY'S HEARING CONCERNING 
EDUCATIONAL TECHNOLOGY AND COMPUTER-BASED 
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INSTRUCTION. 

EDUCATING OUR CITIZENS IS PIVOTAL IN OUR 
ABILITY TO COMPETE GLOBALLY AS A WORLD POWER 
WHILE ALSO PROVIDING THE BASIS FOR OUR FUTURE 
DEVELOPMENT. METHODS TO ENHANCE THE U.S. 
EDUCATIONAL SYSTEM HAVE ALWAYS BEEN A CONCERN 
OF MINE, AND I AM LOOKING FORWARD TO HEARING 
ABOUT THE POTENTIAL FOR COMPUTER-BASED 
INSTRUCTION AS A MEANS TO IMPROVE AND UPDATE 
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OUR LEARNING SYSTEM INTO THE 21ST CENTURY. 

AS THE COMMITTEE BEGINS TO EXPWRE THIS 
AREA OF EDUCATIONAL TECHNOLOGY, WE MUST LOOK 
CAREFULLY INTO OUR CURRENT SYSTEM AND IDENTIFY 
AREAS IN NEED OF ADVANCEMENT, AS WELL AS 
DETERMINING WHAT IS CURRENTLY EFFECTIVE. AS 
THE TRADITIONAL SYSTEM IS EVALUATED, WE CAN 
THEN DECIDE WHERE COMPUTERS CAN ADDRESS AREAS 
OUR CURRENT SYSTEM NEGLECTS, THEREBY ENHANCING 
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THE LEARNING PROCESS. 

THE INTRODUCTION OF COMPUTER-BASED 
INSTRUCTION WOULD UNDOUBTEDLY HAVE A GREAT 
IMPACT ON THE TRADITIONAL CLASSROOM, IN AREAS 
SUCH AS THE TEACHER/STUDENT RELATIONSHIP. WE 
MUST NOT IGNORE SUCH CHANGE AND WE MUST PiE ABLE 
TO RECOGNIZE THE POSSIBLE DETRIMENTAL EFFECTS 
TO THE STUDENT. 

THE QUESTION OF HOM FAR THE COMPUTER CAN 
GO IN THE CLASSROOM IS A PARTICULAR CONCERN. 
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IT HAS BEEH SUGGESTED THAT H COUIJ) REPIACE THE 
TEACHER--A CONCEPT. I BEUEVE. THAT 
NECESSITATES VERY CAREFUL STUDY. CAN A 
COMPUTER ADEQUATELY REPIACE ALL ASPECTS OF 
HUMAN INSTRUCTION? THE BENEFITS OF COMPUTER 
BASED INSTRUCTION MUST B£ WEIGHED AGAINST THE 
COSrS--BOTH IN HUMAN AND FINANCIAL TERMS. IS 
THE BENEFn SO MUCH GREATER THAN OUR 
TRADITIONAL SYSTEM THAT WE CAN AFFORD ANY COST? 
AS WE ENTER THE 21ST CENTURY. OUR SCHOOLS 
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MUST KEEP PACE WITH ADVANCES IN TECHNOLOGY. I 
AM LOOKING FORWARD TO HEARING HOW COMPUTERS CAN 
ACCOMPLISH THIS GOAL. I AM PLEASED TO WELCOME 
OUR DISTINGUISHED PANEL TODAY AND I LOOK 
FORWARD TO HEARING THEIR TESTIMONY. 
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Mr. Valentine. The Chair— ^ . 

Mrs. MORBLIA. There's no relationship to redistricting. 

Sl?"^VMflNTiNE. I don't know the districts in Maryland well 
enoug)-. to understand the humor of that, but I— I know that there 
would certainly not be anything in the lady's character that would 
suggest that she has an option, I understand, to own property m 
every other county in that part of that Maryland. 

Mr!^AiiimNE. The Chair recognizes at this time the distin- 
jmished Member— a new Member who just joined us— the gentle- 
man from Indiana, Mr. Roemer. Do you have an openmg state- 

"*Mr. Roemer. Thank you, Mr. Chairman. I'll be very, very brief. 

always in Congress, we have three competing committer tatong 
place at the same time and we have one going on with the Tno 
Upward Bound programs to enhance not only opportunities tor 
young people from low income areas to get to college and not only 
to dream about it but to see those dreams come true and to succeed 

^^The^other committee hearing that I need to get to is the Secre- 
tary of Education is testifying on the Administration s proposals. 
And I will take to both those committees the excitement that i 
have for what is taking place in this room; from the leadership ot 
our chairman, and the Ranking Minority Member to have this 
committee hearing when technology is such an important aspwt of 
our ability to both excite our young people and tap their potential 
and get them prepared to compete in a global economy with stu- 
dents in Germany and-and Japan that are also going to have op- 
portunities to get exposun to this kind of technology and equip- 

™ And as the Persian Guh war was taking place, I found that 
young people who were watching the news were very, very excited 
and asked aU kinds of questions about the scud missiles and the 
Patriot missiles, and the F-117's. They want to know about technol- 
ogy. They're not intimidated by it yet. They want to work with it. 

^d we^siSe know-how often times how difficult it is to tear kids 
away from the Nintendo games and the Mario programs, and so 

&?I am very excited about what we're going to hear today. I look 
forward to working with both Dr. Massey and Mr. Kearns and 
hearing their testimony and seeing what kind of potential, and now 
exciting this whole aspect is for the future of our country, both for 
our ki^ and for the competitive technology that we need to devel- 
op to compete in a world economy as well. ^ _ , ^ . ,„^^ 

I'm anxious to hear your testimony. And then Mr. Kearns, 1 was 
readinir about your predecessor last night on the plane in, Aerox, 
and I'm anxious to hear what you have to say in your experience 
in the private sector as well. 

Thank you, Mr. Chairman. 

Mr. Valentine. Thank you, ^\x. 

I would ask th^ firpt panel and others, too, if you would please 
summarize in wha. tune you think is necessary. Your prepared 
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statements will appear in the record as presented to the subcom- 

I failed, and I apologize, for this, I failed to warn the witnesses 
who are present that we had to testify first. 
[Laughter] 

Mr. Valentine. Dr. Massey. 

STATEMENTS OF DR WALTER E. MASSEY, DIRECTOR, NATIONAL 
SCIENCE FOUNDATION, AND DAVID T. KEARNS, DEPUTY SEC 
RETARY, DEPARTMENT OF EDUCATION 

Dr. Massey. Thank you very much, Mr. Chairman and Members 
of the subcommittee. , ^ ^ j i 

It's— I welcome the opportunity to testify before you today. In 
fact, when I learned that the National Science Foundation was 
being invited to testify on the topic of educational technology this 
mommg, I 
great impo 

testimony . 

that inserted into the record, Mr. Chairman. 
Mr. Valentine. Without objection. , . ^ 

Mr. Massey. Twenty years ago, computer-based instruction 
meant a student sitting in a cubicle, staring at a computer screen, 
and trying to answer the problems that came up. The computer 
would check the answer and let the student know how he or she 
was doing. The learning method was drill and rote memory, but 
with the computer simply simply replacing the blackboard or work 

*^*e difference between that activity and the educational technol- 
ogy available today is the difference between tic-tac-toe and Nin- 
tendo. In a classroom today it is possible to hook up to the comput- 
er networks that allow grade school students to communicate elec- 
troiucally with other students around the country or even around 

Kids Network, a widely used program developed with NSF fund- 
ing, gets students involved in an acid rain project, for example. 
They gather data on acid rain from their own backyards, enter the 
data into computers and it goes by phone lines on the network to 
participating schools around the country . , j i 

^tudento then use this large date pool to plot graphs, develop so- 
phisticated maps and formulate hypotheses about where acid rain 
comes from and how various areas of the country are affected by it. 

These students are learning science by domg science. Their ex- 
citement and enthusiasm is immediately apparent. Getting these 
types of programs into schools has not been as rapid as mwt of us 
woSd have liked, unfortunately. But the National Science Founda- 
tion is supporting two large programs that should speed the avail- 
abUity of this type of technology to schools across the country. Let 
me just mention those briefly. , ... « *i tu^ 

The first is the Statewide Systemic Imtiative. Recently, the 
Foundation awarded $15 milUon in matohing grants to 10 different 
States to look at different ways to restructure the entire State edu- 
cational system. 
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Several of the winning proposals specifically focused on educa- 
tion and technology. Nebraska, for example, proposed establishing 
a computer network that would give rural schools computers— com- 
puter access to educational opportunities and experiences that are 
now only available to many students in some of the wealthier dis- 
tricts, as Ms. Horn pointed out. , ,j , ^.1 

The equitable distribution of this technology should be a national 
priority, and we are certainly making that a priority at the NSF. 

The second way the Foundation is expanding its involvement in 
educational technology is through the Federal Coordinating Com- 
mittee on Science Engineering and Technology, the FCCbbl proc- 

CSS 

NSF has joined with other Federal agencies to develop the Na- 
tional Research and Education Network— NREN— as the— as it is 
called. NREN will demonstrate the feasibility of connecting people 
with computers the same way we now connect people with tele- 
phones. , ^ 

Let me give you an example of the difference between a voice 
telephone link and a computer link. Imagine calling the "brary 
and asking the librarian to read to you from an anatomy book the 
sections relevant to the heart and to describe the pictures con- 
tained in that book— that's om> way to do it. • , ru 

Compare that with hooking up your computer to the library s 
computer and electronically downloading an anatomy book into 
your computer in a matter of seconds. Given the right graphics you 
can now use your computer to search the text for all references to 
the heart and you might want to display a picture of the heart that 
then you can rotate to look at the various angles, sections, and to 
look inside and trace the blood flow or look at the flow of blood 
through arteries. This technology is now available. 

NREN is often described as having the potential for putting any 
book in the Library of Congress at the disposal of every school in 

the country. .,, , 

But more than just static words on computer screens will oe 
available. This network envisions the capability for complex graph- 
ic presentations, entry active visualizations, and the technology tor 
real time collaboration among teachers and scientists. 

In fact, the area of visualization may be one of the most dramat- 
ic. And, Congressman Valentine, the NSF has just funded a Sci- 
ence and Technology Center at the University of North Carolina in 
connection with other schools that will be specializing in visualiza- 

^^°And this weekend, I will also be privileged to speak at Super 
Quest, a recognition dinner at the North Carolina Supercomputer 
Center as part of the National Science Foundation s Advanced bci- 
entific Computing activity. 

Through this activity we support at supercomputer centers 
around the country ways to give high school students an opportuni- 
ty for hands-on experience in working with super computers. 

Teams of students and their teachers submit proposals to partici- 
pate and to use time on the supercomputer, and they submit very 
sophisticated problems, I tell you, for high school students. A title 
of one for example, quote, "A Mathematical Treatment of the Pro- 
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jectory of an Orbiting Body around a Nonsymmetric Body." That's 
one of the easier ones. 

Super Quest is a valuable incentive for high school students, but 
we need to broaden our efforts to include even younger students. 
Current obstacles to doing this include a lack of access to computer 
networks, software that is difficult to learn and use and, unfortu- 
nately, a paucity of people who excel at teaching and also have 
computer skills. 

Also, we lack the necessary curriculum and instructional meth- 
ods, because these are not now designed to take maximum advan- 
tage of the technology. 

At the Science Foundation we are expanding our existing pro- 
grams to help meet these problems. 

The business community is also becoming more involved, I'm 
sure as you will hear from Mr. Kearns this morning. For example, 
NSF is now supporting a networking project in Indiana where high 
school children can network with professionals from Eli Lilly for 
active consultation on science projects in which they are involved 
with in their schools. 

And one of the most important contributions made by businesses 
is the time that the professional employees provide to serve as 
mentors, teachers, and collaborators using electronic networking. 

Mr. Chairman, we can use technology to excite and captivate 
young minds but we cannot rely on technology alone to solve all of 
our problems in education, as Mr. Gilchrest rightly pointed out. 

However, we must build on the progress we have made in apply- 
ing computers and other information in communication advances 
to educating our youth. 

I thank you for this opportunity to testify before you today and I 
look forward to working with your subcommittee an<^ the full com- 
mittee in the future as we learn how to use these technologies to 
our advantage. 

Thank you very much. 

[The prepared statement of Dr. Massey follows:] 
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TESTIMONY OF DR. WALTER E. MASSEY 
DIRECTOR, NATIONAL SCIENCE FOUNDATION 
BEFORE THE SUBCOMMITTEE ON 
TECHNOLOGY AND COMPETITIVENESS 
SCIENCE, SPACE, AND TECHNOLOGY COMMITTEE 
U.S. HOUSE OF REPRESENTATIVES 
JUNE 18, 1991 

Mr. Chairman, members of the Subcommittee, thank you for 
this opportunity to testify before you today. When I learned 
that the National Science Foundation was being invited to testify 
on the topic of educational technology, I asked to be allowed to 
appear personally because of the great importance that I pliice on 
this topic. I have prepared written remarks and I would like 
permission have these inserted into the record. 

We all recognize that trained, educated and scientifically 
literate people are the major rasource of any modern society. In 
recent years, however, American students have performed poorly on 
international comparative exams in math and science, often 
ranking below nations with far fewer resources. By grade 5, U.S. 
students score about in the middle on international science 
tests. By grade 9, the score at the bottom. 

No one is naive enough to believe that we can find a purely 
technological solution to ovr educational problems. Yet it is 
undeniable that changes in technology, fuelsd by advances in 
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computers, hold great promise for improving our educational 
system. A failure to put thij technology to use in educating our 
youth would be negligence at the highest level. 
N8F*8 SUPPORT OF RESEARCH IN EDUCATIONAL TECHNOLOGY 

NSF has been a leader in exploring the potential of 
computers as educational tools for nearly 25 years. Beginning in 
1968, in response to a Presidential directive, NSF established an 
Office of Computing Activities. While most of the work supported 
under this program was at universities, a portion .supported 
computer assisted instruction at elementary and secondary 
schools. Within this program, NSF provided support for the 
development of LOGO, a computer language suitable for introducing 
children to computers as early as the second grade. 

In addition to computers, NSF has been active in the 
development of other emercfinq educational technologies from their 
earliest stages. During the late 1960s and 1970s virtually every 
technology-based teaching tool and metho iology had its ori'jin at 
NSF, including computer networks, graphics, speech synthesis, 
programming languages, interactive video discs and computer 
literacy for educators. 

We are major supporters of the -.eminal work in artificial 
intelligence that underlies intelligent computer tutoring 
systeas. In the past decade, NSF has continued its support of 
basic research on technology for education by developing industry 
partnerships and interagency cooperative efforts. To stretch our 
limited resources, NSF successfully encouraged industry donations 
of computer eouipment to schools. 
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Th« budg«t requ««t«d by th« President for FY 92 provides 
substantial increases for MSF directorates for Education and 
Human Resources (EHR) and Computer and Infonnation Science and 
Engineering (CISE) . Within these activities, we have placed 
emphasis on research to accelerate the effective use of new 
technologies by teachers. Our Materials Development, Research 
and Informal Science Education program, where much of the 
edur-tion technology research is supported, hac grown from $48 
million in FY 90 to $32 million in the FY 92 request. 
poTTiwi n>oc]iTZOiaa. TicmioLoaY xv piaci 

While we have made much progress in research on computer and 
related educational technology, bringing this technology to our 
schools has met with mixed results. Diffusion of technology into 
the elementary and secondary schools has not been as rapid as we 
would have preferred. 

TWO trends that are receiving high levels of support at NSF 
indicate that we may be on the verge of accelerating the use of 
technology for educational purposes. One is the recognition of 
the need for a comprehensive reform of the educational system at 
the state level, rather than piecemeal changes in individual 
schools or school districts. A second is the recognition that 
computer, information and communication technology can be 
integrated to bring their combined power within the reach of 
every school in the country. 

The need for a top-down reform of state educational systems 
is reflected in NSP's Statewide Systemic Initiative, through 
which we recently awarded $15 million in matching grants to 10 
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states to look at different ways to restructure the entire state 
educational system. Several of the winning proposals 
specifically focused on educational technology. Nebraska, for 
instance, proposed establishing a computer network that would 
give rural schools computer access to educational opportunities 
and experiences now only available to students in urban areas. 

The second way that NSF is expanding its involvement in 
educational technology is through the Federal Coordinating 
Committee on Science and Engineering Technology (FCCSET) . NSF 
has joined with other Federal agencies to develop the National 
Research and Education Network (NREN) . NREN will demonstrate the 
feasibility of connecting people with computers the same way we 
now connect people with telephones. 

NHEN has been described as having the potential of putting 
any book in the Library of Congress at the disposal of every 
school in the country. But more than just static words on 
computer screens, NKEN envisions the capability for complex 
graphic presentations, interactive visualizations and the 
technology for real-time collaboration among teachers and 
researchers across the nation. 

Since the late 1960s, NSF has played a lead role in 
improving and diffusing computer networks. NSFNET connects over 
5,000 different networks in the U.S. and abroad. Our experience 
in this area has resulted in NSF being designated as the 
coordinator of interagency activities with respect to the 
development and deployment of the NREN. 

As an example of how the business community can be involved 
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in educational programs with computers, NSF has supported a 
project in Indiana where school children can network with 
professionals at Eli Lily for advice and consultation in their 
science projects. One of the most important contributions by 
businesses in education has been the contribution of talented 
employees to serve as mentors, teachers and collaborators through 
networking. 

This weekend, I am privileged to speak at the Superquest 
recognition dinner at the North Carolina Supercomputer Center. 
AS part of our Advanced scientific Computing activity, we support 
such programs at supercomputer centers around the country to give 
high school students an opportunity for a hands-on experience 
using a supercomputer to do science. Teams of students and their 
te&chers submit proposals to participate and the winners are 
invited to the center where they are trained to use the 
supercomputer to solve their problems. 

This program is a valuable incentive for high school 
students, but we need both to broaden our efforts and move them 
to younger students. Current obstacles include a lack of access 
to computer networka, software that is difficult to learn and 
use, a paucity of people who excel at teaching and also have 
computer .kills, and curriculum and instructional methods that 
are not designed to take advantage of such resources. 

NSF plans to expand existing programs to help overcome these 
problems through both EHR and High Performance Computing and 
Communication intiatives. 

Mr. Chairman, before becoming the Director of the National 
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Science Foundation, I have had the privilege of serving as a 
university dean and vice president, the director of a major 
federal laboratory, and on the boards of directors of a number of 
technology dependent companies. From these vantage points I have 
seen what can be done when committed people work together to 
solve difficult problems. Let me leave you with two statistics 
that point to how our future human resources requirements demand 
that we use every tool at our disposal in overcoming our 
educational problems. 

o Of every 4,000 seventh graders in school today, only 
six will ultimately receive a Ph.D. in Science or 
Engineering — of these six, only one will be a female. 

0 By the year 2000 minority students will account for 40% 
of our elementary and secondary school population. Yet 
only 4% of undergraduate science and engineering 
degrees are awarded to minorities. 

We must use the technology that is available to us to excite 
and captivate these young minds. We are missing too many 
opportunities; we are wasting too much talent. As I said at the 
outset of my statement, we cannot rely on technology alone to 
solve all of our problems in education. We must, however, build 
on the progress we have made in applying computers and other 
information and communication advances to educating our youth. 

1 thank you for the opportunity to testify before you today. 
I look forward to working with your Subcommittee in any way that 
I can to move the highest quality educational technology into our 
schools. 
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Mr. Valentine. Thank you, Dr. Massey. 

Mr. Kearns? r u 

Mr Kearns. Just to set the record straight, for those of you who 
referred to me as Doctor, I was referred recently in the newspaper 
article as Lou Gehrig, which certainly would have upset my base- 
ball coaches. And my physics and math teachers would be horritied 
to think that I was now being referred to as a doctor. 

I'm pleased to be here, Mr. Chairman, to represent the Depart- 
ment of Education. I got involved and interested in education be- 
cause of the productivity issues in the United States, and a com- 
mission I served on in the early '80s. And my many travels to 
Japan in trying to figure out and work with Xerox people on how 
we were—were going to be able to compete. 

And the more I got involved, the more I understood how impor- 
tant the fundamental underpinning was— was the issue of educa- 
tion and education of all our people. , , , , t> t 

But when Dennis Doyle and I wrote that book— and, Don, 1 ap- 
preciate your comment about the book, and Dennis Doyle particu- 
larly would because he gets royalties from it, I do not. 

But we referred to in that book, and I'd like to— to talk about— 
we've always done quite well in the United States educating the 
top half. Our international competitors educate everyone and we 
must do exactly the same thing. And no one can be left out. 

In fact, one of the fundamentals in the six goals is that everyone 
can learn, and everything else Hows— flows from that. I believe 
strongly that technology can help a lot and may in fact be a— the 
major investment that we can make in the Nation to have a sub- 
stantially more efficient system. . , . , u • 

I'd like to, rather than repeat what I put in the official submis- 
sion to your committee, Mr. Chairman, the different education 
technology r ograms that the Department of Education has, and 
those things are working very closely with NSF— and the other 
agencies. But I'd like to take just a moment to talk to you about 

two things. „ , , , 4.U *. 

First of all, an experience that Xerox had, an investment that 
the corporation made and; secondly, to talk about briefly America 
2000 and how it fits from a technology standpoint. 

Out of our Palo Alto research lab about six years ago, Xerox did 
the initial funding for the Institute and Research on Learning and 
it is hived off now as a nonprofit research laboratory. 

And this came from the computer scientists at Palo Alto who 
were working on artificial intelligence and other advanced comput- 
ing and— and programming systems. And they had looked at and 
concluded that— that fewer than a hundred computer scientists in 
the world were looking at the issue of how young people learn— not 
about putting a computer in the classroom, but utilizing technology 
to do basic research. And that laboratory has been set up with 
people— not just computer scientists, but educators, anthropolo- 
gists, psychologists, to look at education in the total context to try 
and understand how young people learn, what they call situated 
learning— learning environments." u i , u a 

They are using the process to get away from the black box, and 
the term they use is "glass box," to really understand what is 
taking place. 
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Mr. Lewis referred to the lack of use of technology in the class- 
room and we found, in preparing for this testimony, some words 
from the NAEP (National Assessment of Educational Progress) 
report that came out just two weeks ago— June 6th. It said, accord- 
ing to both students and teachers, about half the 4th graders never 
used calculators and about half the 8th graders never used comput- 
ers. Two-thirds of the 12th graders, both overall and in mathemat- 
ics classes, reported that they never used computers. 

They concluded by saying, by more closely paralleling how math- 
ematics is applied in business and industry, the use of technology 
in mathematics classrooms could facilitate substantial improve- 
ment in student achievement. A i^gns-Dir^ \ OAAA 

Let me move on to one particular facet of the AMbKlCA ^uuu 
strategy, and that is the idea— that was referred to earlier this 
morning— of new American schools. We obviously have to work 
and fix and use technology in all the schools that we have current- 
ly. But while we are doing this, the idea of breaking the mold and 
not trying to figure out how we catch up to the Japanese, or catch 
up to the Germans, which is a concept that, frankly, offends me. 
There is no reason, I believe, that in this country we cannot de- 
scribe and understand and invent schools that are uniquely A.men- 
can for our culture that are the best schools in the world, and that 
will, in fact, drive this Nation to be the best in the world and be 
able to compete with anyone, anywhere, at any time. 

And this basic thought is that we would energize three to seven 
R&D teams of the best that we have in this country— from educa- 
tion, from industry, from think tanks— put them together and have 
them invent the schools for the next generation, thinking about the 
environment, the legislation tL^t might be required at the local 
and State levels, to think about how we will interact with the most 
advanced technologies, and to make this research and development 
activity available to every community and every State across— 
across the Nation. , 

It is not a substitute for all the work that is currently going on, 
but it is clear that if we're going to be the best in the world, then 
we have to invest in technology and in new thought processes. 

In an early school that I went to while working at IBM many 
years ago, late at night, talking to my roommate, who was a re- 
searcher, I was complaining about one of the current computers, 
and that it wasn't going fast enough, and the failure rates were too 
high. And he rolled over before he went to sleep, and sa^d, Uavid, 
you remind me of the farmer in 1850, when asked what he wanted, 
he said, I'd like a horse that is half as big, twice as strong, and eats 
half as many oats; but he never asked about a tractor. , , ^ ^, 

And we really have to think very differently as we look to the 
next century, and I believe the application of technology is abso- 
1 lively k©y. 

A concluding comment is that Dr. Massey referred to FCCSET— 
Allen Bromley, the President's Science Adviser, has asked me to 
vice chair the Committee on Education and Human Resources with 
Luther Williams, who works for Walter. But in addition to that, 
chair a group to pull the six task forces of the CEHR Committee 
together, to ensure that education is working with NSF, bnergy, 
the Labor Department, and across the Federal Agencies. Because 1 
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believe, as Dr. Massey said, if we pull the resources from all of the 
different agencies together, I think the opportunity to— to make 
major change and impact what's going on, particularly in math 
and science education, will give us a tremendous opportunity. 
Thank you very much. 

[The prepared statement of Mr. Kearns follows:] 
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Mr. Chairman. It Is an honor to repraaent the U.S. Department of 
Education before the subconnittaB on a?achnology and conpetitivenass 
in one of my first official acts aa Deputy Secretary. I am also 
Clattered that you quoted ma in the caxartar for this hearing. The 
impact of deficiencies in the rraparation of U.S. students has a 
direct and critical impact on American industry's ability to be 
competitive. The burden of ranedial education that falls on 
industry, higher education, and others is a problem that muat be 
ttlijninated. 

AS requested, I am going to briefly dl.cusa soma of the Deparoaent 
of Education's programs in Computer Baaed instruction and other 
technologies. Then 1 would liJ«. to talk about the President's 
AHERICA 2000 plan as it relates to technology. 

Ko one can doubt the potential of technology to play a central role 
in increasing the productivity of our schools. Realizing this 
potential is a prominent feature of the President's AMERICA 2000 
plan. With the major changes in our school, envisioned in this 
plan, we must look for opportunities in computer based learning and 
Otliar technologies. 

But to take advantage of the potential of computers and oth«: 
technologies, our fundamental concern must be with understanding 
hov children learn. Research and development is needed on schools 
and learning, and how technology can support learning. I taiow of 
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some of this type of research because of the work the Xerox 
Corporation supported through the Institute for Research on 
Learning in Palo Alto. Drawing on researchers from a number of 
disciplines, the Institute is pursuing the idea of "situated" 
learning, how individuals can learn much more effectively in a 
specific learning context. Xerox corporation also supported 
research on technology at Bank Street College, which is also the 
location for the Department's Center for Technology in Education. 

But much more needs to be done. According to Henry Becker, a 
prominent researcher in technology from Johns Hopkinii University, 
computers will come to be more valuable in the schooling effort 
only if we ask our schools to make major changes in the activities 
and tasks given to students. Students must become active learners 
engaged in problem-solving related to complex, not artificially 
simple, questions. This is just part of what AMERICA 2000 proposes 
to do. 

U.S. Department of Education Programs 

The use of technology, and particularly the computer, has grown 
rapidly in our schools. The Office of Technology Assessment 
reported that the number of schools with computers grew from about 
15,000 to 77,000 between 1981 and 1987, an average of 11% per year. 
It now is common to find computers in the classroom and a computer 
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laboratory for the school. Th« us« of video discs and electronic 
networks have shown substantial increases., as well. 

Many examples exist of how to use technology in the classroom. 
The Department has a number of existing programs that aim to create 
top-quality applications and the proper conditions for using 
technology. Let me provide a few examples. 

The Fund for Innovation in Education supports a variety of efforts 
to identify and disseminate promising approaches for improving 
schools, one component of the Fund, the computer based instruction 
program, supports projects for the purpose of expanding and 
strengthening computer based education in public and private 
elementary and secondary schools. One such project in Portland, 
Oregon aims to significantly increase the academic success of at- 
risk students by providing an innovative, highly individualized, 
technology supported, instructional delivery system. 

. Another program of the Fund for Innovation in Education is 
Technology Education, which supports tHe development cf radio, 
television, telecommunications, and video based programs directed 
at improving teaching and instruction. Under this program, The 
National Science Teachers Association (MSTA) received an award to 
develop student assessments, based on performance, using 
interactive video discs. These assessments will provide authentic 
means of determining whether NSTA's national science reform project 
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- Scope, Sequence and Coordination - is able to significantly 
increase student science learning. 

One of the Department's oldest, and most successful, technology 
programs develops technology, media, and materials for individuals 
with disabilities. This program currently funds interactive 
videodiscs and other computer assisted instructional technologies. 
One project developed video discs to teach mathematics and science 
concepts to young children . Another adapted a world history 
textbook to other media through computer based instruction. 
Through video and audio discs, it was possible for children to go 
back to other eras, to discover first-hand how families lived at 
that time, and to actually "talk" with people who lived in rhose 
settings . 

As a means of expanding and enhancing educational access, the Star 
schools program provides programming that would otherwise not be 
available to schools. The program supports telecommunications 
partnerships of schools, higher education, industry, and others to 
acquire facilities and equipment, develop and acquire instructional 
programming, and provide classroom instruction from central 
locations via satellite, hands-on microcomputer programs, and 
videodisc software. For example, the Massachusetts Corporation for 
Educational Telecommunications is developing materials on 
environmental science for grades 7 and 8 that call for students to 
collect data and then compare it with results collected by other 
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students around the country viv* computers and satellites. 1600 
schools in 40 States are now offering courses provided bv Star 
schools grant recipients. 

contributions by business firms are encouraged through our Small 
Business Innovation Research program. Firms develop designs and 
prototypes in Phase I of their project. Then the most promising 
are selected to develop their innovations in a second phase, 
successful applicants have developed such products as voice 
synthesizer chips, visual iisplays of vocal movements that allow 
users to see how they pronounced a word, and devices to aid 
students with disabilities restricting their attend-nce in campus 
classrooms. 

Another way in which the Department encourages the use of 
technology is through dissemination and technical assisrance. The 
National Diffusion Network has at least 15 technology projects that 
are proven effective and are available for dissemination and 
replication. Ana the Regional Education Laboratories assist 
educators and policymakers in the use of technologies. For 
example, the North Central Lab developed a distance learning 
reading program for schools m rural Wisconsin that permits them to 
have the interaction among teachers by telecommunications that 
larger school districts can do on site. 
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The Department also supports the Educational Resources Information 
Center (ERIC), a nationwide information network that acquires, 
catalogues, and provides access to education literature. The ERIC 
database contains over 650,000 documents and articles on education- 
related topics. The ERIC system consists of 16 clearinghouses, a 
central processing reference racility, and ACCESS ERIC, a one-stop 
contact point for new users of the system. A clearinghouse located 
at Syracuse University specifically focuses on educational 
technology F.nd .library/ information science. 

Finally, there are many research projects being carried out by our 
National R&D Centers. The Center for Technology in Education at 
Bank Street in New York City that I mentioned earlier is focusing 
on technology and its integration into instructional environments. 
The role of technology in assessment systems, teaching, and 
learning-teaching-technology configurations are part of this 
research activity. 

Significant research is also being carried out at other Centers. 
The Center for the Study of Learning at the University of 
Pittsburgh is developing computer based laboratories for teaching 
topics in physics, electronics, and economics. And the Center for 
Learning to Teach at Michigan State University has dfeveloped video 
discs for demonstrating to teachers how to teach mathematics 
concepts for understanding. 
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AMERICA 2 000 

Despite these and other promising examples, it is fair to say that 
the impact of technologies in the schools has been far less than 
hoped. Simply providing computers has had little effect because 
schools are not organized to apply them effectively. Nor are 
teachers prepared to use them as an integral part of the whole 
instructional program. We must make a break from the past, to take 
a fresh look at learning. This is what AMERICA 2000 proposes to 
do. 

In the AMERICA 2000 strategy, the President proposes to create a 
new generation of American schools. To help communities create 
these schools, RSD teams will be established. These teams will aid 
in creating schools that are not bound by traditional assumptions 
about schooling; they truly will be breaking the mold of schools as 
we now know them. 

Although new uses of technology are not a requirement of the new 
American schools, we would certainly expect that some of the 
innovations tried by the RiD teams would involve state-of-the-art 
technology applications. For example, computer based learning 
software now permits students to play an active role in creating 
learning. No longer need the program developer be in total control 
of the way learning is approached. 
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lnt«raativ« vi<l«o dises alto can allow atudant* tp play a norm 
aotiva rola in thai.; laaminfl. Vivid laarning aituationa oan ba 
oraatad that parait, avan raquira, atudanta to aalaet tba path of 
laaming and to oontinuoualy intaract with tha matariala. 
Tachnoloiy will not, of couraa, aubatituta fcr affaotiva taaohing. 
But it could provida tra^ndoua balp to taaohara in tailoring 
inatruotion to tha naada and talanta or individual atudantd. 

Taohnology will *lao ba proninant in bringing A«ario* on-lina, a 
maana o£ natworXing tha naw Aaarioan achoola alactronioally. 
ABarlca on-lina will provida atudanta and taaohara aooaaa to data 
baaaa for raaaarch and inatruotion, craata aantorahipa, and pannlt 
an axohanga of Inforaation on taaching and laaming that la now 
iapoaaibla. 

But AMIRZCA 2000 doaa not apaak only to tha naw ganaration of 
Aaarioan achoola. Battar and aora aocountabla achoola for today 'a 
atudanta ara aaaantlal to tha atratagy. with tha davalopaant ©f 
world Claaa standarda and A«arican Achiavaaant Taata to aaaaura 
atudant 'chlavaBant, ooaputara and othar taohnologiaa may wallba 
a Mana of oraating raallatio aaaaaaaant taaka* rurthar, in tba 
oovamor'a Acadamiaa for Taaohara and School Laadara, taohnology 
might ba an important part of tha oontant of tba ourriculua, aa 
wall aa a naana of dalivaring it. 
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ThMft an only a tm of tho poMibiXltlti for txslng toobnology in 
MfERZCA aooo. Z » turo that tba Ingaimlty of the S&D taaxs, 
aohoola, raoaarohara, and many othora will laad to aany aora. 
collaboration and coordination with ethar Padaral aganoiaa, aueh aa 
MSF, will anhanoa thaaa afforta. «ia Dapartaant of iducation haa 
alraady oollaboratad aubatantlally with thaaa aganoiaa through tha 
conittoa on Education and BuMtn Raaourcao of tha fadaral 
coordinating CouncU for Soianoa, inginaaring, and Taohnology. 
Purthar, M8F and othar aganoiaa hava ganareualy oontributad 
thair tiaa to partioipata with our intamal Btaaring Comittaa on 
Mathaaatica and Soianoa Mueation. Wa axpaot thaaa autual afforta 
to oontinua and to grow. 

Thank you. I will ba glad to anawar any quaationa you nay hava. 
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Mr. SwETT. [presiding] Thank you very much, Mr. Kearns. 

I would like to start out the question and answer period with a 
simple examination of the cost effectiveness of this program that 
you have outlined— the education 2000 program. 

It seems to me that a great emphasis here is being placed on 
technology— that's why we're meeting this morning. I understand 
that in the focus of this subcommittee hearing, we want to attach 
ourselves to that technological advancement. 

I also think that there are critical questions to be answered re- 
garding interaction of teacher/ student in technology, that there 
are aspects of the teacher interaction that are equally important. 

But before I get into that I would like to ask you a question: Are 
there other ways to achieve similar results without the large start- 
up costs that I perceive this kind of a program is going to incur? 

Mr. Kearns. Mr. Chairman, I think we have to think of this in— 
in really two tracks. The first track of the program is a whole set 
of things of improving our current schools. And I think there are a 
lot of things, as you suggest, that can be done, some without much 
cost at all. 

The idea of a new generation of American— of American schools 
is not a very costly effort if you think about it; and I think it may 
lead— don't know for sure— to major advances. 

But if we spend about $200 million on these R&D teams, that is a 
very, very small amount of money. We spend someplace in the area 
of 200-250 billion dollars a year in education in the United States, 
and that excludes about $200 billion that industry spends on train- 
ing their people. 

So I believe that there— that we must do the R&D work, but 
there are lots of other things that can be done. Teacher education 
is extraordinarily important. There is an effort under way that was 
started by Dr. Leon Letterman, Nobel Prize physicist from the 
Fermi Laboratory, supported by the Energy Department and the 
business community in Chicago, that has started an academy to 
teach the elementary school teachers how to teach math and sci- 
ence. It's a marvelous effort and it has brought together founda- 
tions, business, and the government in this program; and it is not 
costing the schools any amount of money. 

In fact, this effort to get it going is the— the academy is, in fact, 
paying for the substitute teachers while the elementary school 
teachers are: at— are being trained. 

So there's a set of things, I think, going— going on that can be 
done where a lot of money need not— need not be invested. 

On the other hand, for us to exclude investing in research and 
development, and I think the fundamental underpinning of our 
Nation education, I think, would be a crime not to do that. 

Mr. SwETT. Beyond these R&D teams that you speak of, we have 
tremendous hardware expenses to be incurred. Is this to be estab- 
lished in the schools through the marriage of business and educa- 
tion, that this hardware be provided by business; or how do you see 
that coming forth? 

Mr. Kearns. Well, first of all, business can— businesses around 
the country can— can help in this, and they have. I learned last 
week IBM was in— going over their programs around the Nation, 
and they have a program where if their employees will put up 20 
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percent— in other words, this is to get ownership from their own 
employees around the Nation— then the corporation will put the 
adcutional monies in; or a group of employees could work with a— a 
school. And there's many other companies that— that have pro- 
grams that can be of assistance. 

But if you talk— if you look at the total education bill in the 
United States, there is no question we need some upfront invest- 
ment. But we need to be much more efficient. And I believe that in 
the longer term that we— this should be in fact paid for out of the 
tax base. We must need a strong public education system in this 
country. And in fact, if business decided to pay— to pay for it, I 
don't think the American public would put up with it. Because I 
think we should have a strong public system. 

And while I do believe there's some upfront costs involved, I 
think over the longer— the longer term— that the amount of money 
that we're currently spending on a per student basis and on a per 
capita basis or on a percent of GNP is probably about right; but we 
need to do it substantially more efficiently. 

And the last point I'd make on this is that I would urge every- 
one, in every community, to make sure that the dollars that are 
being spent are being spent on the schoolhouse where the children 
and the teachers are. And I think that's absolutely imperative; and 
particularly when you look at the larger school systems, there's an 
awful lot of money that is spent outside of the school— of the 
schoolhouse where the youngsters and the teachers are. 

Mr. SwETT. Dr. Massey, what role will the NSF play in the model 
school program with one model school in each congressional dis- 
trict? 

Dr. Massey. I see several roles where our Statewide programs 
would fit in perfectly; and, of course, will be coordinated through 
the FCCSET programs. 

Let me just, for example, go back to the Statewide initiative that 
I mentioned that we are now funding in a number of States. 

This is an initiative to bring together all of the resources in a 
state that have to be— work together to improve the quality of edu- 
cation—the school system, the universities, private industry, and 
the like. 

One could easily imagine as part of that initiative in a State that 
they could fold into that one of these experimental schools that 
could provide a test bed for many of the technologies, the training 
methods, and the— and so forth, that are being supported by NSF 
programs. 

One of the greatest barriers to utilization of the technology that 
we have now is the inability of the— many teachers to effectively 
use the technology. 

So one of the other things that might be done in these schools is 
to combine them with teacher enhancement programs now support- 
ed by the NSF to train the teachers to use effectively these new 
technologies and others. 

So the president's AMERICA 2000, and especially the experimen- 
tal schools programs, is a natural fit with many of the programs 
already now supported by the Foundation. And the two together 
would provide a synergy that goes beyond the simply bringing the 
amount of money together supported by— that support both. 
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Mr. SwETT. As we talk about going beyond the progranr as has 
been put forward by the President and the Administration, has 
there been consideration to utilization of telecommunications to 
access these magnet schools, or these individual schools, you know, 
these model schools in each of the districts so that the programs 
that they're able to develop might be put into other non-participat- 
ing schools in such a way that there is at least a residual or an 
aura that impacts the entire district? 

Dr. Massey. Of course, that's exactly what is intended. And the 
key to that will be providing the effective networks that can be 
used to transmit data at a rate that makes it effective. 

This NREN network that I mentioned in my testimony, when 
completed, will be the infrastructure for allowing that to happen. 

That's already happening in some cases now through the 
NSFNET, the National Science Foundation Network. 

Mr. SwETT. To what percentage? 

Dr. Massey. I don't know to what percentage of schools around 
the country that would be connected to that. I can find out. It's 
mostly in particular regions, though, or through networks across 
areas. 

One that will provide a model for that is the one in Nebraska 
that I also mentioned, and where the state's program is focused on 
just the model you elucidated, providing a network that will allow 
the schools in areas that have resources and things — equipment in 
the classroom, to connect with schools that are in the outlying 
areas of Nebraska that don't have those resources without duplicat- 
ing everything around the State in every school. 

So the model you outlined is just the type thing we're working 
towards. 

Mr. SwETT. I would be interested in learning more about that. 

I h-^ve been advised by staff that we will try and adhere to our 5- 
minute rule with — with hopeful consistent regularity. 

At this time I'd like to turn the— the microphone over to my dis- 
tinguished colleague from Pennsylvania, Congressman Ritter. 

Mr. RiTTER. Thanks, Mr. Chairman. 

Just touching on this school of tomorrow a little bit more. Mr. 
Kearns, you certainly have had the range of experience in business 
and there's a lot of American business that is getting more and 
more interested in the suppliers of their workers and the schools 
that those workers seek. 

How do you envision the role of business? I mean, could you 
take— could you kind of take us through some steps as to how the 
business community is going to play a role with the education com- 
munity? 

Mr. Kearns. I believe it's a— it's broad role. I v/ould start by 
saying that my response to business people across the country, they 
say, what can I do right now? 

And I say, support the educators and the politicians that are call- 
ing for systemic change, and will change. 

The second, a Business Roundtable organization that I have 
been— been involved in, is a strategy to divide up the States be- 
tween the major companies to work with the governors and at local 
levels, and major systemic change, including legislative change, so 
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that it might be required both at the local level and at the~at the 
are hopeful and the-the original-the initial signs are-are 

encouraging, that the American business ^^^^^^.^.^J^y.OO miU^^^^^ 
this nonprofit corporation to raise the money-150 to 200 million 
million doUars-to get these R&D efforts under way. 

Tha? coloration is being supported by the Btgmess Roundtable^ 
the U S Chamber of Commerce, the National Federation of Inde- 
pendent BuSness, the American Business Council, and pulling the 
en?ire bus^ess community together, I've ?P«nt some — 
time over the last two weeks working with the Chamber. Jet 
SphTs here this morning, working with h m and his col eagues; 
working with Ed Donnelly, one of your constituents from Air Prod- 
ucte; with the National Alliance for Business, and these other orga- 
niKAtions that I — that I mentioned. , , 

fSve that the key role that businesses will have will, while 
workfng at tSe State level, the key role will be in fact in t^^^^^^^^^ 
communities. That's where their employees are and th^^^^^^ 
they can work the most-the most closely with, and help with sys 

*Tt's exSdinarily important that the businesses and the inter- 
actionrtheThave are for systemic change and not programs which^ 
Tec^^Fol ere at the University of Minnesota likes ^ call g°<>d 
partnerships." that in fact don't do much, but shore up an old 

'^Burbusinesses have a major role to play in an area that you are 
interested in. in quality for example. The Xer<)x Corp^ra^^^ 
former company, has three people on loan to ^he Rochester, r^^^ 
York school system, working the q^ahty process with-^^^^^^ 
And while that's not direct money, that's b^mging expertise trom 
employees, but it is also bringing an ownership in the-m the com 
nSinitv of working with the-with the Teachers Union. The Roches- 
TpLhers Uni^^ up there, led by Adam Urbanski. has been a 
majJr pla^^^^ inX well a« Peter McWalters. the Superintend- 
ent of Schools, and— and other businesses. , . , ^-^^^ „t 
So it's a briad-it's a broad .range, and it needs to be driven at 

%^^RiTOR ■ It's interesting you mentioned money. The invest- 
ment in education per cainta'peW^^ of GNP invested in educa 
Hnn in America is the highest in the world, I think save lo? 
SwX. The're are some %erent breakdowns-that w^^^^^ 
more at the higher educat on level than we do at primary and sec 
Tdary n te^ms of the breakdown. But we are up there at the 
vSry very tip in expenditures in education and the system is not 
working in spite of the money that we spend. 

Who coordinates these series of-is tEere a coordmative role? Is 
everybody out there on their own? Is that the Department of Edu- 
cation's role? Are you still working that up? ,„uoro 

I mean you know, we've had a lot of Federal pro-ams wh^^^^^ 
the ftmds go flying out in different directions, a lot of centrifugal 
force and nobidy ever really figures out what happened to them, 
and except that they were spent. , . 

How do YOU svnergize these processes so that the whole is a loi 
greater th^ the suT of the^arts and that the rather small 
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amounts that actually— of the money that does get spent— the 
small amount of effort that does get expended is somehow nurtured 
and grown? 

Mr. Kearns. First I'd like to mention, and come up what Dr. 
Massey said before, that the FCCSET effort is a very important 
effort to take all of the parts of government, because, as you stated, 
the— the direct education process in this country, about 92-1/2 per- 
cent, are spent at the state and the local level. 

So I— it's important that Health and Human Services that has 
responsibility, for example, on Head Start— Dr. Massey talked 
about a series of things that NSF has in the Lab.Dr Department, 
that these be coordinated, and that's the purpose of— of FCCSET, 
and that— and that's being done from a Federal coordinating view- 
point. 

Mr. RiTTER. That will integrate with the President s education 
2000- 
Mr. Kearns. Yes. 

Mr. RiTTER. —goals and program and school of the future? 

Mr. Kearns. The answer on the— on the new generation of 
American— of American schools, that will be a— a nonprofit, pri- 
vate organization that will— that will let the R&D contracts; those 
contractors will take advantage, as Dr. Massey suggested, of a 
whole set of work that is already going on out there, including ex- 
perimental schools to bring in; and I would hope that some of the 
activities, for example, that are— that are taking place in some 
cities will become part of the R&D as well as work that is al- 
ready—that is already under way. 

It is our hope that legislation could be passed in the— in the Con- 
gress that would give the idea of a million dollars for each congres- 
sional district to jump-start to get these— get these— to get these 
programs going across the Nation. But our hope would be that that 
R&D effort would be available to every community that businesses, 
foundations, and local governments would fund way beyond the 
535— that that was a way to get this going. 

But the overall AMERICA 2000 strategy is an attempt to have a 
coordinated strategy across more and better accountable schools, 
track one, a new generation of American schools, which is only 
part of it. 

And, third, a very important part of it is improving the skills of 
the work force that is already out there, and to work with the 
States and the local communities in— in a coordinated effort 
during— during the '90s. 

And I believe that the— this is a role that is appropriate for the 
Federal— for the Federal Government in what has been, and I be- 
lieve should continue, a limited role; and the local governments 
and States will have the continuing control over their education 
systems, which I believe is appropriate. 

Mr. RiTTER. Thank you. 

Thank you, Mr. Chairman. 

Mr. SwETT. Thank you. 

We'll now hear from my distinguished colleague from Missouri, 
Congresswoman Kelly Horn. 
Ms. Horn. Thank you, Mr. Swett. 
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The first commert I'd like to make to Mr. Kearns is something I 
became very well aware of just over this past weekend when 1 was 
back in St. Louis, and I hope that you are taking this into consider- 
ation all over this country. In the St. Louis area we have had tor 
many years cooperative »3fforts between the schools and businesses, 
some with more success than others, and they have on their own 
stepped back a year or so ago and put together a Partnership that s 
moVrformalized-looking at what's worked and what s not worked. 

And now all of a sudden from on high, we are having incredible 
competition for funds, because the folks from Washington are 
saying, hey, wait a minute, businesses, heres the program that 
you're to donate to now, this is the cause of the year, these schools 
in every district. And that is going to be a problem unless done 
with great sensitivity. , ,t u u *.u„*. 

I don't know what the number would be but I would submit that 
there are probably not a great number of the 435 conriressional dis- 
tricts in which these efforts are not under way. 

But in those in which they are not only under way, but are being 
evaluated, being done well, being done with care, about what the 
local needs are, I would submit that efforts from on high that to 
say to those corporations, we want your money for this purpose 
which totally takes that money out of what s being done on the 
local level, I would urge sensitivity to that, and ask, perhaps, it you 
might be aware of that consideration. ...... j 

Mr. Kearns. Ms. Horn, I agree about the sensitivity issue, and- 
but not your on high comment. rr i. ^.x. i. 

We want to coordinate this very closely with the efforts that are 
going on. I've spent a good part of my tim3 oyer the last tour or 
five weeks doing this. I spent-was in Chicago, I mentioned earlier, 
and the purpose of that visit was to visit specific schools. Ettorts 
the business community had to work with the civic organization 
that thev have pulled together to ensure that these are coordinated 
thfsimLr reLn to meet with the Chamber; and sensitivity 
does-is called-is called for, and I believe that the-the group is- 
is working this very carefully. , , ^. 

The-a group of business people from around the Nation repre- 
senting the U.S. Chamber, American Business Council, the Busi- 
ness Roundtable, the National Federation of Independence-the 1^^^ 
dependent Businessmen-was put together. And these-this eftort 
of the track 2 new generation of American schools was in tact 
closely coordinated with the Business Roundtable and these organi- 
zations before we went forward. Mnllnr«; 

But we do have to be cautious. We do not want to dram dollars 
off of— of the-the efforts that are under way. And one ot the rea- 
sons that we went to the broadest business community was not just 
to go back to the largest companies in-in the country, but to-to 
broaden this— broaden this effort. . .m* onn .v»iiHnn 

And if you think about it on a national basis. 150 to fO mill on 
dollars to be put into this project over three years ^^.^f^t gives the 
business community an opportunity for a direct hook to something 
that for the next century could make a tremendous difference^ 

But I do agree with your point about sensitivity, and we will 
work that very carefully. 
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Ms. Horn. Thank you. I appreciate that, because, as I said, I'm 
sure in some areas it's not of import, but in others it definitely 
would \ „ 

I also hope that when you're dealing with the business communi- 
ty—and I don't become necessarily critical when I say this, and I 
understand the reasons behind it— but the dollars that the business 
communities are putting into education now do not even begin to 
equal the dollars they have taken out of the educational system by 
tax abatement over the years. 

We have a major corporation in downtown St. Louis which puts 
about $50,000, $100,000 into educational programs, but they, be- 
cause of tax abatement, withdraw, keep from the local schools 
more than a million dollars a year in taxes. And this happens all 
over this country. There are many reasons for those tax abate- 
ments being given: competition, which I deeply regret, amongst the 
regions, and cities, and States to get certain businesses to locate 
there— and that's the way it is. 

But I also want to make sure we don't get too caught up in 
thinking of this as charity. 

Also, as someone who has spent many years in the classroom, all 
the way from preschool education to teaching college students, I 
spent an incredible interesting day yesterday at a major research 
university in our city, dealing with the mapping of the human 
genome, and that was a wonderful enlightening experience. 

I hear you talking, though, about R&D on how children learn. 
And I don't think that's any big secret. Now if you're talking about 
which chromosome holds which genes that deal with which thing 
there, in mapping the genome they have got part of the x/ chromo- 
some that will represent about 4 percent of the total mapping, and 
it takes up a wall about that size. It is absolutely a fascinating un- 
dertaking, and we do have lots to learn about how the brain works 
in all of us. 

On the other hand, we've known for a long time that children 
learn by doing. And if they're doing in an enriched environment, 
they're learning best of all; and in an interactive environment, I 
think Mr. Gilchrest talked about some of these things, too. 

So there really is no great mystery there. We have somehow 
robbed our children of that ability to interact with their environ- 
ment in what we do in some of our schools, and we need to get 
back to that. 

But I'm wondering at what level you're relying on R&D to get us 
on with the business of what we really know needs to be done right 
now. 

Mr. Kearns. Well, let me— I'm not going to get mto a debate 
with you, but I would like to say again, that there's a parallel track 
that we have to do this. And if you go to the six education goals 
that have been agreed upon, you— you do start with some things 
that we know. 

But the number one goal is that all children should be ready to 
go to school by the time they're five years old. And I don't even 
like to talk about K through 12 anymore; I like to think about edu- 
cation as prenatal through 18—18 years old. 



ERIC 



47 



ERIC 



And there are things that we know. We know that kids don^t 
drop out of school if someone cares. And there s a lot of thing., that 
ari* ffoine— that are going on; and I agree with that. , ^ ^ 

A&re fs a Tot that we know about learning, But not to-to 
utuSe the technologies that have been ,^^^1°??^ ^^^^^^^^ 
TI, and to get our brightest people in this Nation thinking about 
the orocess of-the process of learning and how that-and how 
hat wS to me^is^t forward thinking. And we w^^^^^ to make 
sure that-that we have the very best schools in the world. 

And I'm gofng to keep pounding away at that because we have o 
work all thise things in-in parallel. And we have the resources m 

HoTn WelU^^^^^ and stated that way. I certainly agree 
with you Mr. Kearns. We absolutely need to use the brightest and 
the best and technology in every other way. ^, ^. 
I have no other questions now. Thank you, Mr. Chairman. 
Mr. SWETT. Thank you, Congresswoman Horn. Cnn^ess- 
We'll now hear from our colleague from Maryland, Congress 

woman Morella. ^, • 

Mr«! MoRKijji Thanks, Mr. Lnairman. « . t 

rm cS^bout something called the Education Satellite. I 
hav^beSn meeting with sort of an advisory g^ouP who^W 
discussing how to get businesses and the private sector "jvolyed, a 
uS up v^th our National Science Foundation and certainly the 
Department of Education. 
What do you think about that? j fUof {q 

Can you see a future in it, or do you think it is a dream that is 
not aDDroachlble or not desirable-an educational sate lite so that 
Sou could J^tthin^^^^ the country-educationa items 

DarticuUrly In sSs that might not have the kind of enrichment 
t^haf hTK discussed today that some of us may have m our 
communities? 
Are you familiar with it? i j u «f if 

Secondly, I wonder what your opinion would be ot it 
You seem very interested. Dr. Massey, let's hear from you tirst 

° Mr^MASSEV. Well, yes, I-I may not be familiar wkh the^^^^ 
lar effort vou— of which you're speaking, but the idea ot using sac 
eUites to hnk deferent institutions is, of course, what's happenmg 
rKow schools around the country. And there's a pro- 

X ?C now links of students all over the country to stu^^^^^^ 
fese, for example-maybe this is one. But a student in Nebraska 
can communicate with a Japanese teacher in Tenne^ee. a na^^^^^ 
speaking teacher, to-once or twice a week, may be of this networK 
trhave on-hne interactive conversations, for example. 

SatelUtfes alone won't be the answer, but thev will be part of this 
entfre ne^^^^^^^ That's just one of tie technologies hat 

wm be Sto tfan^^ over the air type communications-fiber 
nnf IP rablpfl mav be more efficient in areas. i . i 

^S^ the ide^of linldng is the key idea, independent of which par- 
ticular technology you might use. And that's an excellent idea and 
is in fact one^of t^^^ things that is taking place now, as I stated, 
i part of thi^ NSFNET that already has a number of schools 
aligned to it. 
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What one would hope to see in the future is a network—this Na- 
tional Research and Educational Network— utilizing the most ad- 
vanced technologies, whatever they might be at that time, to link 
every school in the country; and that's not an unrealistic idea. 

Mrs. MoRELLA. Mr. Kearns? 

Mr. Kearns. I would just add— support that— just— we need to 
have as much information accessible to all the schools as fast— as 
fast we can. Only half the high schools in the United States have a 
physics teacher. 

Mrs. MORELLA. Right. , , . , . r 

Mr. Kearns. So if you think of the technologies, the types of 
things that Dr. Massey was talking about, this speeding up the 
availability of this knowledge to students in— in schools will--as, 
again, the use of technology to have a more efficient system while 
we are getting more math and science teachers, which we badly— 
which we badly need. . , « 

Mrs. MoRELLA. How do we do this? Where does it come together.' 
I know we all agree on this. ^ 

Mr. Kearns. Well, there are a number of efforts. Dr. Massey 
was— was talking about that, that the NSF is under. There s a star 
system that the Education Department is working with in conjunc- 
tion with NSF, again, to get these— to get these networks up and 
running. And that will— that will continue— that will continue. 
And part of the— of the— of the AMERICA 2000 strategy have 
talked about this as America— American schools on line, bringing 
them all together. And the President has asked that the different 
agencies such as NSF and our own at Education that we coordinate 
that activity to— to come up with an overall— an overall- 
Mrs. Morella. Are you familiar with the group that I alluded 
to— 

Mr. Kearns. No, ma'am. 

Mrs. Morella. —called EdSat? . , r . 

May I in the near future have somebody contact both ot you to 
give you some — 
Mr. Kearns. Sure. 

Mrs. Morella. —familiarization with it? 
Mr. Kearns. Yes, ma'am. 

Mrs. Morella. It just may have some potential because it is 
bringing in some key people from the private sector to work on this 
concept. 

Dr. Massey. May I just point out- 
Mrs. Morella. Yes. . 1.11 
Dr. Massey. —in answer to your question, is where is the plan- 
ning taking place? 
Mrs. Morella. Yes. ^ r ^.u 
DMr. Massey. These two documents that came out ot the 
FCCSET process, brochure 1 on High Performance Computing and 
Communications, and the other is on the Education and Human 
Resources, lay out a strategy for developing this network that in- 
volves all of the federal agencies. So the plans are— ^. , . , „ 
Mrs. Morella. Excellent, excellent, very good. I just think it s all 
very ©xcitin^. 

The other day the Clearinghouse— the Congressional Clearing- 
house for the Future— had an interesting multimedia program 
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where they used laser discs to show what could be done in class- 

One that was done by the former producer of Nightline was on 
your Government in Action, and used some kids, in fact, and some 
from the school in my district, on the Supreme Court, and Legisla- 
tive Branch and the Executive Branch. mTUrkC 

The other functionary was IBM had done something on 1 iKUb. 
They used as their theme Tennyson's Ulysses, and it was amazing 
how you could find out from that like what a tragic hero is 
throughout time, what the contemporary hero would be like. 

It's so fascinating and I would imagine that this kind of multime- 
dia, as part of the technology, would have a place in the classroom. 

And then I get back to my original point in my opening state- 
ment about let us never forget the human dimension of the teach- 
er/student relationship. I feel very strongly about that, as the real 
inspiration— all the knowledge is there in terms of by training 
teachers to make sure that they realize they must touch that stu- 
dent. 

Would you like to comment on that? 

Dr. Massey. I agree. . ^ . . , . 

Mr Kearns. I agree too, and I would just say that that s— that 
was one of the major thoughts that this Institute for Research and 
Learning, which, by the way, NSF is-has supported-is to have 
anthropologists and psychologists and educators working in this to 
ensure the human dimension. 

Mrs. MoRELLA. Great. Thank you. 

Thank you, Mr. Chairman. Thank you, gentlemen. 

Mr. SwETT. Thank you very much. , * i 

I realize that I had reverted to social convention and protocol 
and not to Chairman Valentine's congressional protocol. I— I apolo- 
gize, gentlemen. I will now turn the microphone over to my col- 
league from Maryland, Congressman Gilchrest. 

Mr. Gilchrest. Thank you, Mr. Chairman, thats perfectly all 
right. I was brought up to always say ladies first. 

Mrs. MoRELLA. I thought you were going to say your elders. 

Mr. Gilchrest. Oh. 

[Laughter] 

Mr. Gilchrest. That, too, Connie— but ladies. 

Mr. Kearns, earlier you spoke about local communities more or 
less knowing the best way to create what's necessary for a viable 
educational system in their own backyard. x i 

And I would like to say that I can't agree with you more. 1 think 
that's where education has to spring forth and the creator of imagi- 
nation of each community across this country can, I thmk, in tne 

long run, do the best job. ^, . • i.- i.- 

Keeping that in mind, and understanding that, this initiative is 
mor3 or less coming from the Federal Government. Can you de- 
scribe for us— and this is kind of in a generic way because it will be 
different from community to community— your idea for a school ot 
tomorrow using computers? i. • i 

And if you could, could you describe for us, lets say, a typical 
classroom of math or history in elementary or secondary, how 
these computers would work to enhance the quality of education.' 
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Mr. Kearns. Mr. Gilchrest, I really can't— I can't do that. And I 
think each of ud have our own ideas. And one of the thoughts, by 
the way, on the RFP for these R&D contracts, is not to try and pro- 
scribe the outcome by the way we write the RFP. In other words, 
to get the very best minds to think outside of the envelope ir a dif- 
ferent way. 

I have spent quite a lot of time at this Institute for Research and 
Learning out on the West Coast and there are a lot of different- 
different ideas and thoughts about— about teaching— about teach- 
ing different— different subjects. 

First of all, you started out by talking about the classroom of to- 
morrow. I'm not sure that we're going to have classrooms in the 
sense that we have them today. I don't know that. They could be 
very different. People might not do all of their learning in a school. 

We certainly know some things, as Ms. Horn said before, we're 
the only industrisdized nation in the world that stops for three 
months. Every educator will tell you that having kids stop for 
school for more than a month at a time makes absolutely no sense 

wh&tSOGVGF. 

Now, that's a different issue than whether you go from 180 to 
240 days. It's— it's when you do it and what kind of— kind of 
chunks. 

We're really quite sure that schools ought to start early m the 
morning and end late in the day, but that doesn't mean that the 
kids will be learning all that time, but it means that they are 
available for children to come early, go to school, and stay if neces- 
sary. 

We also know in schools that are around the country today that 
look like they're working very well that teen-age mothers are also 
going to school in those schools to learn how to be parents. We 
know that day care— that probably development goes with day 
care. 

So for me it's very difficult to describe the classroom—the class- 
room of tomorrow, or the school— or the school of tomorrow— but 
we have to get the best minds thinking— thinking about how that 
would be. 

If you think about the technology that Mrs. Morella just spoke 
about, about satellites and communications being available to 
schools, why would it just be available in schools? Why wouldn't it 
be available in every home that has a television set— a high defini- 
tion television set with a very low— low-cost printer, that could 
take off in color that which was on the screen? There are all kinds 
of technologies in— and uses for the future. 

So— one, I'm not an expert in this— in this area and; two, I think 
we— that we don't want to describe it too precisely, but we sure 
should think about it so that we can answer your question as it ap- 
plies community by community, to support the uniqueness of the 
communities across this country. 

And that's why when we talk about and that s why I gi jss I took 
a little offense at Ms. Horn when she said coming from "on high", 
well, we're suggesting is this research and development be made 
available to every community so that they can apply it, use the 
R&D teams if they chose or not, but to apply it to their communi- 
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ties and how it-and how it fits. Because I don't think the schools 
in every community in this country should be the same. 
I think the idea of a model school, cookie cutter approach to 

them, is a bad idea. x . , ^> ^ ^^n^ 

Mr. GiLCHREST. Well, thank you, I thmk thats an excellent 

I'd like to say that I agree with you a hundred Percent because 
there are certain communities where the school year should be ^50 
days and in some communities 180 days might be more appropri- 

^^or example, I have a son that works on a dairy farm in the 
summer. And he goes to school a 180 days out of the year, and in 
the summertime he works on a dairy farm, and he assists with the 
birth of calves; he helps out the veterinarian when he conries by, 
and he's learning a great deal. I'm not sure if I would want to take 
that away from him unless the classroom was as good as real lite 
But perhaps that connection with that farm and the school, and 
the home, and the dairy industry, can be interconnected with com- 
puter technology. 
Mr. Kearns. Why not? , 
Mr GiLCHREST. So it's an extraordinary thing. So I guess the 
only limits on our potential are our imagination and our determi- 

'^^Before I ask one more question I would like to introduce the chil- 
dren from-and the young adults-from Calvert County, and I m 
looking forward to them showing me a little bit more about com- 
puters than turning them on today-that's about as far as Ive 
gotten wl«h computers. n <• 

Mr. Kearns. They probably know a lot more than all ot us. 

Mr. GiLCHREST. I also will ask them a question that they can 
answer later if they want school throughout the summer. 

[Laughter] , ^ ^ 

Mr. GiLCHREST. Those are the experts on that. 

1 bee some heads shaking both ways. 

Mr. Kearns. Trapped, as usual. 

Mr. GiLCHREST. Perhaps. But maybe with the new ideas we can 
brine forth some different things. , . . , , 

I would like to ask Dr. Massey and Mr. Kearns, whichever would 
like to answer this question: You're talking about schools of tomor- 
row, and a tremendous amount of change, and maybe no class- 
rooAis, and maybe not that rigid schedure of first period, second 
period third period, all the way through, five days out of the week. 

When you bring those thoughts out in the open, and you re talk- 
ing about comp ter technology, would some people recoil trom b€^ 
cause they say you can't replace the teacher-when these things 
are preserved to the general public, if there is resistance from any 
particular group for these ideas, what group presents the most re- 
sistance to these new ideas? 

Dr. Massey. Do you want to answer that? 

Mr. Kearns. Thank you, sir. 

Dr. Massey. ^ u're welcome. , ^ • i. ^« 

Mr. Kearns. I'll tell you where I think the most resistance 
comes-comes from, and I think this is a leadership issue. This 
committee is studying this issue, they're having hearings, and that 
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helps; the President is talking about this, the business leaders are, 
the politicians are talking about this. 

The polls still show that someplace around 14 to 15 percent of 
the population in this country thinks we have a problem. That's 
where the resistance is. And I think that is a leadership issue for 
all of us to convince, through proper communication and under- 
standing that we have an educational issue in this country. 

But with only 14 to 15 percent of the people thinking this is an 
issue, we're going to have a heck of a time getting the changes re- 
quireid at the — at the local — at the local level. 

So that's where I believe the resistance is. And I think we all 
have— have a job to communicate properly, not to scare people into 
doing things, but to— to convince people that there's an issue. And 
then how can they participate and take— and take ownership. 

Change is threatening to everyone. I like to say is there's no in- 
stitution that I know of changes from the inside out; it changes 
from outside pressure. We never would have done the things that 
Don Ritter referred to at— at Xerox if we hadn't been literally 
threatened with going out of business. I thought when I took over 
as C— CEO in 1982 there was a good chance that Xerox would not 
exist in 1990. 

Now, that gets your juices going. And you get forced to change. 
And the reason people don't like to make changes is that changes 
are — are onerous and they are to people and institutions that you 
care and love for. And, therefore, the communication vehicle of 
working, particularly when you get into technology areas for 
people, is to get ownership at a local level, and that means all of 
us, as leaders, have a tremendous communications job to do. 

Dr. Massey. I wouldn't single out any one group as being more of 
an obstacle, but I would just follow up on the general principle out- 
lined by Mr. Kearns. 

I think the way we present the— these new technologies or pro- 
grams will make a great deal of difference. The most important 
people in this whole enterprise, perhaps other than parents, I be- 
lieve is teachers. We are not going to replace a generation of teach- 
ers overnight who are presently in the schools. And the schools are 
the— the locus of our activities now. So we are focusing on working 
with teachers. And, by and large, people want to do their job as 
best they can if you show them that you're trying to give them a 
better way to do their job. 

And, again, to follow on your remark about working at the local 
level, getting the teachers involved in the programs, getting them 
to be partners and accepting it, I think, is the—is the best ap- 
proach. 

There will be some obstacles, there will be reluctance to change, 
for all the reasons that Mr. Kearns pointed out, but I think if we 
approach it the right way, we— we may be able to work around 
some of those problems. 

Mr. Kearns. One of my associates slipped me a note— only 25 to 
30 percent of the adults have children in school. So the issue is 
close working with the broad base. And we also have to think 
about that if you think about the work force and increasing the 
skills of the work force, 80 percent of the work force for the year 
2000 is already out there. So part of what we have to do is increase 
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the skills of our adults as well. And we need to make sure that 
when we're talking about education change in this country, that 
we— that we talk about better and more accountable schools than 
we have today, a new generation of American schools. And, third, 
increasing all the skills of all the people in the— in the-in the 
Nation. And that's a-is a difficult task. But, again it s a leader- 
ship issue of— of convincing broad organizations that—that chang- 
ing the structure of education in the United States is in the Dest 

^'^Mr^mcHRESx" A difficult task but one of those worthwhile 
things that we can do for the next generation. 

But I think working with the teachers and showing them that 
that they can do it, and it can be done, is-and the community and 
the business, is a worthwhile adventure. 

Dr. Massey, Mr. Kearns, thank you very much. 

Mr. Kearns. Thank you. 

Mr. GiLCHREST. Thank you, Mr. Chairman. 

Mr. SwETT. Thank you, Mr. Gilchrest. 

The Chair recognizes you as our educational expert on the panel 
and, therefore, extended your 5 minutes to appropriately reflect 

^°WeTill^now hear from our distinguished colleague from Califor- 
nia, Mr. Rohrabacher. , i.- „ 
Mr. Rohrabacher. I always thought summer vacation was a 
magic time and I would never try to eliminate that for any ot these 

young people. 4. u *. 

And it won't get me any votes from their parents, but— 
Let me just suggest that much of what I ve heard here today 
does indicate the potential that technology has for making us more 
competitive, and we talked about what computers and the tuture 
might do in the home in terms of education. u^^„„ 
For some reason I have a feeling that there are a lot of homes 
that that doesn't apply to: and it may apply more to upper middle 
income homes than it does to homes that are just-people who are 
just struggling to pay their rent and they don t live very well. 

I've just one question for both of our witnesses, and that is, can 
technology and education be used to help eliminate illiteracy from 
our society? And if so, how? fV,o «/nv it 

Dr Massey. I don't— it can be used, certainly. And the way it 
can be used is by providing access to the tools that are need to edu- 
cate people in places where there are now inaccessible. 
'^You mentioned the fact that the new technologies migh^^ 
available to middle class homes. That probably will be true, just as 
everything is in the beginning. But if you look at the number of 
homS thit have televisions and telephones especially televisions, 
you will not find those only situated in middle class homes^ 

And the technologies that we are speaking of ought to be, or w .11 
be, as ubiqutous as-as the television set, or a telephone, bo 1 d.n t 
think we'll be limited by the technology. ...... 

What we will be limited by are the uses to which it is Put, and 
which brings us back to the question of how do we use the technol- 
ogiS to help eliminate illiteracy or other-or other-the problems 
we have with education. And it will come about if we have the 
kfnd of teachers in the schools that can link in with the networks 
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where children are, and the participation of parents, which is going 
to be even more important. 

One of the things that the use of technologies will be able to do 
is to perhaps extend the classroom from beyond a physical setting 
so that it might make it easier to link in families in the learning 
process than it is now. 

But I don't have the answer to that, but one can certainly envis- 
age various models which, if effectively applied, could address that 
issue. 

Mr. Kearns. I don't have much to add but I see it exactly the 
way Walter does, is that the technology will help us reach a— a 
much broader— broader base. And I think television— we've got to 
be smart enough in this Nation to use television in the positive 
rather than the negative sense. 

We all know now that our young people, probably our adults too, 
watch too much television. But if we could think of that technology 
as a vehicle to bring new — new teaching methods and new informa- 
tion from health and education to all families in the Nation, I 
think you can turn it around and to start to get some feel for the 
kinds of things that— that you are— you are concerned about. 

Mr. RoHRABACHEft. Thank you very much, Mr. Chairman. 

Mr. GiLCHREST. Mr. Chairman, could I make a remark to the gen- 
tleman from California? 

Mr. SwETT. Sure. 

Mr. GiLCHREST. Just very short. 

I would agree with what— exactly what Dr. Massey said and Mr. 
Kearns said, but J would also say that some of those students that 
come from homes where there is no sense of the importance of 
learning; when they get into the classroom, if they're in a class- 
room with 35 or 38 kids, and its instruction— unless you have a 
really super teacher with the chalkboard, they lose, because they 
don't have that individual attention that someone under those cir- 
cumstances needs in the classroom. 

And this technology's going to offer that individual attention and 
that motivation that individuals need in the classroom, and it will 
free the teacher up to do that kind of thing. 

Mr. Kearns. Mr. Chairman, could I make just one last comment? 

There's a lot of discussion around about technology replacing 
teachers. I don't know what teacher ratios are going to be in the 
next decade and so forth. But I do know one thing— good teachers 
will be the fundamental underpinning regardless of what technol- 
ogies that we use of a good education system. And the training of 
our teachers over the next decade to improve their skills is also 
going to be absolutely key and a fundamental underpinning if 
we're— if we're to reach the— the national— national goals that 
have been established. 

Mr. SwETT. I would like to thank you gentlemen for your testi- 
mony this morning. I have been struck by one overriding quality, 
and that is that there seems to be an openness of mind and an 
openness to approach that leads me to believe that both of you gen- 
tlemen have struggled with the ideas of conceptual blockbusting 
and have left yourselves open to new ideas and new techniques 
that might be helpful in the future. 
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I think that as we look at the educational system, certainly we 
strive to improve the individual relationship between student and 
teacher, between student and database Certainly, computers, 1 
think, have a major role in improving that individualization ii^ 
stead of standing before a class anddoing rote work fie^e w^^^^ 
individualized terminals with a speed adjusted to that student for 
the dispersement and reception of information. 

I thikik that is an exciting and very helpful approach. And 1 look 
forward to hearing more from you in the future. 

Tt this time I'd like to call forward the second panel and excuse 
Dr Massev and Mr. Kearns. ^ ^ i j t-» 

We will be hearing from Dr. Linda Roberts, Dr. Ronald Fortune, 
and Albert Shanker, Mr. Jeffrey Joseph, Dr. Leroy Tushcer, 
and Dr. G. Thomas Houlihan, in that order. 

I would appreciate it if we could move as expeditiously as possi- 
ble; we have a time constraint with one of our tesUmonies 

Our first witness on this panel is Dr. Linda Roberts of the Office 
of Technology Assessment. I understand that Dr. Roberta will have 
to leave us right after her testimony because she must be in Fhoe- 
nix later todav to receive a very pertinent and prestigious award. 
She h^ bSn^hosIS an Educat^ of the Decade,,, in Electronic 
Learn^g magazine's "Ten Who Made a Difference" Awards Pro- 
gram. The award, which is given only once per decade-that s an 
amazing distinction. 

M?^SwETT. Will be presented in a ceremony at the National 
Education Computing Conference being held this week in Phoenix^ 

Congratulations, Dr. Roberts. I waive the customary rulings-we 
wiU allow questioning for a very brief Rafter your statemen^^ 
I understand you have to be out of here by 11:45, and we will 
comply with your schedule and appreciate your being here to testi- 
fy. Please proceed. 

STATEMENTS OF DR. LINDA G. ROBERTS, SENIOR ASSOCIATE, 
SCIENCE, EDUCATION, AND TRANSPORTATION PROGRAM, 
SfFICE 6f TECHNOLOGY ASSESSMENT, WASHINGTON D^^^^ 
RONALD F. FORTUNE, PRESIDENT COMPUTER C^^^^^ 
CORPORATION, SUNNYVALE, CALIFORNIA; ALBERT SHANKER. 
PRFSIDENT AMERICAN FEDERATION OF TEACHERS, WASHING- 
TON D C DR LEROY^ TUSCHER, PROFESSOR OF EDUCATION 
ISd cbMPl^ER Sc^ LEHIGH UNIVERSITY, BETHLEHEM, 
PENNSYLVANIA; DR G. THOMAS HOUUHAN S™ 
VKT JOHNSTON COUNTY SCHOOLS, SMITHFIELD, NORTH 
cJSblX A^^^^^ H. JOSEPH, VICE PRESIDENT, DO- 

MESTIC POLICY, U.S. CHAMBER OF COMMERCE 
Dr. Roberts. Thank you very much, Mr. Chairman. 
I want to say that it is a pleasure and an honor to be here and 
in DarticuUr, when I accept the award tonight in Phoenix, I accept 
i?onSf of the Office of Technolo^ Assessment and the work 
hat w^ are doing. And it is very gratifying to see just how useful 
and relevant our studies of technology and education have been 
not only to the Congress, but to the States and the localities as 
well. 
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With your permission, I'd like to submit my written testiniony 
for the record and use this time to highhght some major points. 
And in fact, they are the points that have been made again and 
again this morning. And it is— it is very fortunate to be able to 
hear the leadership of two of the major agencies reinforce the 
things that we have been able to find in our assessments of tech- 
nology and education. 

Certainly today's computer-based educational technologies go far 
beyond the electric— early electronic textbooks. And as we will see 
later this morning, students can access texts, graphics, high resolu- 
tion pictures, sounds, and voice, and even full motion video. 

And advances in telecommunications, as Congresswoman Morella 
and others have noted, are bringing new resources to the class- 
room. And it is true, that linking is a very important and key idea 
for the future of our students in our classrooms. 

American public schools have acquired more than 2 million com- 
puters in a decade, and computers are widely distributed and stu- 
dent access has improved. 

America's clearly a leader in educational technology. Our most 
innovative software applications have become models for projects 
in other countries. 

Just as there is no one best technology for schools, there is no 
one best use of technology and, certainly, we have heard that point 
made again and again this morning. 

But new interactive technologies are contributing to improve- 
ments in learning, from helping to build basic skills through drills 
offering self-paced practice, to directing student discovery through 
simulations in science, mathematics, and social studies; and to en- 
couraging cooperative learning as students work together on com- 
puter projects in the classroom or on electronic networks across the 
content — continent. 

New technology is costly and schools have had to make difficult 
choices. Investment in technology is sometimes a trade-off between 
new learning tools and traditional text. In other instances, teachers 
have been given the choice of more computers or a teacher aide. 
We know that computer-assisted instruction can be a cost-effective 
method to raise achievement test scores in the short run. And this 
evidence has spurred further investment. 

But for many educators, the appeal of the computer and comput- 
er-based technologies is based on the hope that it will change the 
way students learn and have profound '"^ng-term effect. 

The future for technology is very promising because we have 
learned a lot in a decade. The original assumptions that we could 
use computers as automatic textbooks or as replacements for teach- 
ers were incorrect. 

We are learning to think of technology as a tool, rather than a 
solution. We are also learning to take advantage of the flexibility 
and versatility of the technology, discovering applications that 
meet the needs of learners and teachers in diverse settings. 

But these gains in education, I have to say, pale in comparison to 
the information technology applications developed by business, the 
military, medicine, and higher education. To exploit technology's 
power and potential for education, three issues must be addressed. 

ERIC 
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First, as we've heard again and again, technology is only effec- 
tive in the hands of a well trained, enthusiastic teacher. We have a 
small cadre of accomplished teachers, but most teachers want to 
use technology but not have adequate training, time, or support to 

do so. _ J r 

Second, despite the tremendous gains in software and applica- 
tions that we will see today and as we've seen elsewhere, new de- 
velopment is critical. And it is the changes in the curriculum and 
the increased demands for higher order thinking skills that require 
that we develop new content, and that we develop this content and 
these approaches in the next generation of software and multime- 
dia products. , . -.1 J 

Third, educational technology R&D is not keeping up with ad- 
vancing technologies . There are many promising research direc- 
tions to take, including the development of multimedia learning 
tools, intelligent tutoring systems, new assessment technologies, 
and software that helps teachers create and customize the teaching 
materials that they need for their students. 

Research efforts could bring together what we know about learn- 
ing, what we are seeing happening in information technology and, 
most importantly, schools and teachers willing to experiment. 

In closing, I want to emphasize that now is the time to develop a 
comprehensive Federal policy, that allow schools to acquire the 
technology they need, that supports teachers development, that 
builds research into practice, and integrates technology in the proc- 
ess of school reform and restructuring. 

One opportunity may be the proposal to create demonstration 
schools across the Nation. If Congress supports this proposal, the 
model schools would offer a rich seed bed for testing the best ol 
today's technology applications, and designing the next generation 
of tools for teaching and learning. 

Of course, other schools could be linked for the same purposes. 
Much attention has focused on the power of technology to improve 
student learning. At least equally powerful and promising is the 
potential for technology to train, support, motivate, and counect 
teachers in the classroom. And the technology could be a critical 
element in spreading the impact of school experimentation and 
reform from one location to students and teachers all across the 
Nation. 

Thank you. I'd be happy to take questions. 
[The prepared statement of Dr. Roberts follows:] 
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Thank you for the opportunity to testify and provide an overview of educational uses of 
computers and new inlormatic . technologies in the United States. My remarks will draw on OTA's 
assessments of computers in education' and telecommunications technologies lor learning at a 
distance.^ (Summaries are attached.) These reports and related OTA work in science and 
mathematics education^ focus on the impacts of technology in K.12 education over the last decade. 
Although the first attempt to use computers with school children dates back to 1959 and early 
experiments with distance learning by satellrte occurred in 1973. a dramatic infusion of technology in 
our schools began in the 1980s and has continued to increase (see figure 1). The most recent data 
suggest that schools' acquisition of CD-ROM technology, laserdisc, local area networks. sate'Hte 
dishes, and modems is following a similar trend (see figure 2). 

Early experiments with computers and telecommunications involved few students and 
teachers, and the technologies had very limited capacity. Today computer-based technologies go far 
beyond early 'electronic textbooks," In addition to text, computer-based systems now have access to 
hlgh-resolution pictures, sound and voice, and full-motion video. The systems can be sell-contained 
in classrooms or can include technology that links one classroom to another, to other schools, to 
other communities, and most importantly, to other lnfom«tion resources. 

This linking technology is especially Important, because goes beyond the classroom and 
can enlist the Nation's network of science centers, museums, and other informal educational 
programs. It can also link schools to our colleges, universities, and research centers (e.g.. Federal 
laboratories). 

; U s congress. Office of Technology Assessment. Power On! New Too/s tor Teaching and 

/parn/no (Washington DC. U.S. Governrnw* Printing Office. September 1988). 
Learn,ng^(Wash.ng.on^ OHice of Technology Assessment. Linking tor Le^n/ng: A New Course for 
crf,,rflKori' (Washington DC: U.S. Government Printing Office. November 1989). 
ducaf/or^ jwasmngton u Assessment. Educating Scientists and Engineers: 

Grades'iLftTS^^^^^^^^^^ U.S. Government Printing Omce. June 1988). 
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American public schools have acquired more than 2 million computers in this decade. 
Computers are widely distributed and student access has improved. Schools have demonstrated a 
remarkable willingness to Invite computer technologies into the classroom, and to see how these 
inu active cognitive tools could be applied for teaching and learning. The schools' eager embrace of 
computer technology has come about despite the constraints on local budgets, an ever-changing and 
often chaotic technology marketplace, and an institutional setting that does not easily adapt to 
technology. In comparison with other countries, our widespread diffusion of computers and large- 
scale experimentation puts us at the forefront of implementation. An installed base of computers 
provkJes a strong Incentive for development of educational software, and our most Innovative software 
appilcaticns have become models for projects in other countries.** 

Is technology effective? I can assure the Committee that technology is beginning to play an 
important role In improving education In this country. There is no one best use of technology, but 
there are many promising applications for all learners - at-risk students, the gifted, those with special 
learning needs, and others. The varied capabilities of the technologies are key to their power OTA's 
assessments make clear that under the right conditions new interactive technologies contribute to 
Improvements In learning - from helping to build basic skills through drills offering self-paced practice, 
to directing student discovery through simulations In science, mathematics, and social studies, to 
encouraging cooperative learning as students work together on computer projects in the classroom 
or on electronic networks across the continent. Td like to provWe three examples. 

1 , At-risk youngsters have varying achievement levels and many are out of step and behind 
their peers in content mastery and some skills. Computers can provkie IndlvWualized 
practice necessary to develop specific sk«ls. For at-isk youngsters there Is special value 
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I recently had the opportunity to participate in an evaluation of the Spanish Government's 5- 
vear computer education initiative with a team of experts from France. Belgium, and Scotland. We 
were later joined by experts from all the OECD member countries. I leamed that OTA's reports and 
vkJeos depleting the U,S, use of technology In education have been broadly disseminated throughout 
Europe. 
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in practicing at one's own pace until the learning takes hold, rather than being moved 
along in lockstep with the rest of the class before mastery has been achieved. At the 
same time, technology can easily provide records of student piogress, ene^lng teachers 
to better understand students' stumbling blocks, gaps in learning, and misconceptions. 
Skill practice Is not enough however; these students need more powerful, rich, and 
versatile resources that can be provided by today's computer and multimedia 
technology. 

Technology supports learning In reading and writing - the fundamentals for literacy and 
foundations for learning in all subjects. Key strategies that are essential for reading, 
critiquing, and improving written work are being Incorporated into software programs, 
which when coupled with appropriate instruction can enhance students' writing facility, 
interest, and skills. Students who succeed in their own personal communications often 
change their attitudes about reading, writing, arxJ school. Through the use of desktop 
publishing or electronic networi<8 for writing, students write for a purpose, communicate 
with their peers, and come to see that thay can move beyond the limitations of their own 
environment. 

In the teaching of math and science, technology brings new resources Into the 
classroom. Students measure ac« rain, track the effects of recycling household trash, 
and take part in a simulated mission in outer space. With access to electronic 
networking and software databases youngsters conduct collaborative research with 
other student scientists around the country. Some projects also link students with 
working scientists. They team to value themselves as contributors to striving problems of 
importance to their community and their country. Technology offers enormous potential 
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for attracting more students Into science. This Is because rt enables them to actually "do 
science" - gather data, participate in experiments, work out hypotheses, and interpret 



findings. 



In the course of acquiring new technologies schools have had to make difficult choices, often 
asking the question: how much do new instructional technologies cost and are they worth it? 
Schools' Investment In technology is sometimes a tradeoff bet 'een new learning tools and traditional 
texts. In other instances, teachers have been given the choice of more computers or a teacher aide. 
Could reductions in class size bring about similar achievement gains at lower cost? These questions 
are not easily answered.^ But there is also the question of short-term and long-term effects. OTA 
found evidence that computer-assisted Instruction can be a cost-effective method to raise 
achievement test scores In the short run. For many educators, however, the appeal of the computer Is 
based on the hope that It will change the way students learn and have profound, long-term effects. 

The future for technology is very promising because we have learned a lot In a decade. The 
original assumptions that we could use computers as automatic textbooks or as replacements for 
teachers were incorrect. We are learning to think of technology as a tool rm\\er than a solution. We 
are also learning to take advantage of the flexibility and versatility of the technology, discovering 
applications that meet the needs of leamerr. and teachers in diverse settings. 

Modern technology brings new resf ^urces into the classroom. It links learners together In new 
ways. It supports teachers. These nev« tools for teaching and learning are transforming the 
educational process. 

But these gains in education pale h comparison to the information technology applications 
developed by business, the military, mediche. and higher education. Only a har>dful of classrooms 
have one computer for each child and anoiher one for the child to use at home.® And few schools 



5 However, in the military and business, educational technology has proven to be cost-effeclh/e, 
* Even though K-12 schools now average 1 computer for every 20 students, most schools still 
do not have enough computers to make them a central tool of instruction. 
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have been built or remodeled to take advantage of computer arxJ networking capabilities. WhHe most 
teachers want to use computers, few consider themsefves adequately prepared to teach with them. 
Most applications remain that of isolated drill and practice. In general, classrooms today resemble 
their ancestors of 50 and 100 years ago much more closely than do today's assembly plants, scientific 
laboratories, operating rooms, and businesses/ 

As we consider how to exploit the power and versatility of technology now and In the future, 
Ihere are issues that must be addressed. First, technology is only effective In the hands of well- 
trained, enthusiastic teachers. There is a small, but growing cadre of "accomplished teachers" In our 
schools who have boen able to integrate computers into dassroom practice.® Teachers need training, 
time, and supoort to learn and Incorporate technology Into their teaching. *Vhen these elements 
come together, teachers re^yotx that using the computer has changed their teaching In fundamental 
ways, and they t)ecome more like coaches and faclltators. Efforts to expand the use of technology 
must Include necessary training and support to the overwhelming majority of teachers who are not yet 
'accomplished' users. 

Software development will also be critical. Changes In the curriculum and the increased 
demands for higher order thinking skills means that content Is the nrialn problem to be addressed in 
the next generation of software and multimedia products. Although there are more than 10.000 
products on the market and despite the steady Improvement, the quality of educational software could 
be much better. The increased capacity of hardware and advances In programming have removed 
many technological barriers, but economic risks in the market lead software publishers to play it safe. 
Efforts to encourage public-private partnerships have been very successful. One example Is the 



^ One example Is that at the 1991 Computerwortd Smithsonian Awards program last week, 
Frito-Lay was honored for its achievements In advancing the use of computers - the design of a 
system (a hand-held computer and electronic network) that enables each salesperson and corporate 
headquarters to track some 14 million Items In 400,000 locations every day - changing the way the 
company does business. 

® See Karen Shelngold and Martha Hadley, Accomplis? Teachers: Integrating Computers 
Into Classroom Practice (New York, NY: Bank Street College, Center for Technology In Education, 
1990). 
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National Geographic K'ds Network materials created |ointly by the Technical Education Research 
Centers In Cambrtdge, Massachusetts, and the National Geographic Society with funding from the 
National Science Foundation (NSF). 

Many Innovative projects have focused on mathematics and science, but other areas of the 
curriculum Including the arts and humanities need attention as well. New developments in multimedia 
technology have captured the imagination ol the education community. Multimedia software makes it 
possible for students to study works of art and literature, and musical compositions. The same 
technologies provWe students with tools to create graphte. sound and visual images.^ 

Much has been learned from research and development (R&D) efforts funded by the Federal 
Government. The Department of Defense has played a major role In the development of computer 
technology and Its applications to education and training. More recently, a number of advanced 
technology applications have been funded by the National Science Foundatton. As we noted in 
Power On//o a substantial Investment In R&D Is needed to exploit more fully the power and potential 
of technology for education. 

There are many promising research directions Including Intelligent tutoring systems; tools that 
help students mc/e beycnd low-level tasks and concentrate on more denrtanding problem solving 
skills; new assessment technologies that track learning, diagnose students' conceptual 
understanding, and evaluate the attainment of complex skMls; and design tools and kits that enable 
teachers to create and customize their own teaching materials. R&D efforts could bring together 
research on learning, developments in Infonnatton technology, and schools and teachers willing to 
experiment. 

Now is the time to develop a coordinated Federal policy that allows schools to acquire the 
technology they need, supports teachers' professlofwJ development, bjUds research Into practice, 
and Integrates technology into the process of school reform and restructuring. In addition, it Is very 

« Many of these new developments were demonstrated and discussed at the conference 
sponsored by the Getty Center for Educatk)n In the Arts, 'Future Tense: Arts Education Technology," 
Los Angeles. CA. Jan. 24-26. 1991. 
'0 Office of Technology Assessment, op. cit., footnote 1 . 



65 



important thai these eHorts build In careful evaluation, with transferability considered a key issue. 
Congress has begun to act. Recent legislation in mathematics and science education, the Star 
Schools Program, and proposed legislation for adult literacy, teacher education, and foreign language 
instruction all encourage use of technology. There are other opportunities ahead. 

One opportunity may be the President's proposal to create 535 demonstration schools across 
the Nation. If Congress supports this proposal, the model schools would offer a rich seed bed for 
testing the best of today's technology applications and designing the next generation of tools for 
teaching atnl leaming. Of course, other schools could be linked for the same purposes. 

Effective use of technology must involve teachers and local school districts, other educational 
Institutions. States, the Federal Government. arxJ the private sector. The Jason Project, for example, 
was a collaborative effort of the Woods Hole Oceanographic Institute, the National Science and Social 
Studies Teachers organizations, science museurrs .ind centers, the EDS Corporation, the Turner 
Broadcasting Networt<. and the Federal Government. Congress could make clear that technology can 
play an Important role in the reform and restructuring of the Nation's schools. 

Much attention has focused on the power of technology to improve student learning in 
todays classrooms. At least equally powerful and promising is the potential for technology to train, 
support, assist, motivate, and connect teachers in the classroom. Just as teachers and students in 
IVIontana are linked through the «... Sky Telegraph Network, telecommunications can link 
experimental schools to each other to collect data, share ideas, and expand access to resources. 
Similarty. the technology could be a critical element in spreading the impact of school experimentation 
and reform from one location to students and teachers all across the Nation. 



.7. 



69 



66 



FIGURE 1 



Average Number of Computers Per 20 
Students in U.S. Public Schools, 83-91 
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FIGURE 2 
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3-Year Trend 



Pot. Increase 



250 -T 



200 - 



150 - 



••00 



50 - 




CD-ROM La««rdi»c SaUIIIU Dl.h Networks 

Technology 



Modams 



Number of School Districts 



TftphnOlOQV 

CD-ROM 
Laserdisc 
Satellite Dishes 
Networlcs 
Modems 



6.8-89 


99-90 


90-9.1 


429 


810 


1376 


472 


921 


1047 


1068 


2336 


3149 


1667 


2227 


2873 


2723 


3316 


3360 



source: Queiity Educational Data, Denver. Colorado 
*K-12 Public Schools, Instructional Use* 



ERIC 



71 



Mr. SwETT. Thank you very much. 

I would like to follow on my remarks at the conclusion of the 
previous panel and explore a little bit a direction that you had in 
your testimony that talks about the use of technology versus the 
reduction in teacher/student ratios; and I'd like you to please com- 
ment. 

Do you see this technology enabling teachers actually to estab- 
lish better individualized relationships with their students and can 
you give a few examples of that? 

Dr. Roberts. What our — what our research has demonstrated to 
us — and let me say this very clearly — is that technology doesn't re- 
place teachers. What is much more significant is the fact that 
teachers who really become accomplished users of computers and 
interactive technologies and even television technologies , report 
that their— the way in which they teach, what they teach and how 
they teach is changing. And I think it is the change in teaching 
role that is far more significant than whether or not you have 
more students or less students. 

We really don't know what the ideal applications are, yet, we 
need to explore this much more in the future. 

Mr. SwETT. At this time I'd like to turn the microphone over to 
Congressman Gilchrest from Maryland. 

We will go now on congre.«rional protocol. 

Mr. Gilchrest. Dr. Roberts, you spoke of model schools as a way 
that the Federal Government can begin planting the seeds for 
future school use of all of this technology. 

Could you give us a little bit more on the model schools as far 
as— let me just set the stage, for example. Would it work where the 
Federal Government would come in and create a separate facility, 
or from the existing public schools where perhaps selective stu- 
dents from around the State would go to that particular new model 
school; or would you select, let's say, a public school system and use 
that as an experiment, or could you do both? 

Dr. Roberts. Well, I think that perhaps there are no models of 
model schools, specifically. In other words, there are many. There 
are many efforts to demonstrate already effective use of technology 
and effective teaching across the country. 

And if I understood Mr. Kearns' remarks, the intent of the pro- 
posal that the President has made is to build on the knowledge and 
the experience that we already have and— and set up, create dem- 
onstrations where teachers and members of the community, and 
other school districts can look at some of the newer ways or some 
of the more innovative ways to apply the best of what we know 
and, in fact, invent new approaches as well. 

I think that we really— we really don't fully understand where 
technology can take us. And I want to point to the example of 
what's happened in— in Montana where telecommunications tech- 
nology is being used to literally link that State's one-room schools 
all across the State. And while the original intent was to use this 
linkage to share ideas between teachers, one of the most interest- 
ing applications has become that of students working together on 
real problems related to social studies and science on the network 
itself And it's the point that we have a whole range of models and 
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applications that could be tried, some of which use technology, 
some of which may not use technologyas well. „ . 

Mr GiLCHREST. That's fascinating. Thank you. Dr. Roberts. 

Thank you, Mr. Chairman. 

We'u'^hlXm my good ooUeague from Pennsylvania. Con- 
^"toSf Mr. Chairman, I do not have any questions at this 

ftlr. SWETT. Okay, we'll move on down the line. 

Congressman Bohrabacher? d^u.^. 

^JuSo^^TSr^SK Sers in computers. I 
know my friends who are teachers have some great mcentives to go 
hack and further their education. :^ 

Wh^ incentives present to further their education m com- 

S™"werwhat v.e found in-in the examples where- 
w?ere teS tSng for teachers already^in the cUroom has 
bwTn veTmy suoceJful, is to provide teachers with the kinds of 
JTuSS enable them to do what they want to do better. 
I think that's the most important incentive of all. . 

Bi^^d thire are many ways to do it. If^riH^kS intee 
inff can be orovided by other teachers in the districts and in the 
SoTtrte csSfbe^a^partoership ".^fh?^!^^ I wo J^d 
vprflities Training can also be accomplished m— in wnai i woum 
nrwrfairirunfque w^^ even bringing in members of the com- 
mSi^ty to help bring in new ideas and new applications for tech- 

"BiSf the key is not just training, it's a whole set of Actors that 
.o«n V Vmve to be there to support teachers' use of technology. They 
hl^^t^^l cSSifSle ^hthe technology.. They have to have 
appropriate s^ftw^^^ makes a d^erence in the way in which 
?hly^ reach their students. And the technology has to-has to 

^^^riS^riS^'lS^f ^^^^^^ very ^rt^^o^^T^ilkeSJ 
ample, that teachers can take computers ^^^^JtLv cITsS 
oThome during their summer vacation so that they can spena 
more toe and feel comfortable vjth the technolog. 

ThprP— there are lote of ways that we can help teachers use lecn 
nob^ O^e c^^thfrn^^^ excitSig projects we saw was an o^^^ 
tv Sr teachers to wateh other teachers use the technology. Ana in 
L futu?:^^^^^^^ able to do that if they are ^Hf^by ^ter 

or satelUt^; I mean, there's no reason why teachers can t taKe neia 

'%'^s7^""4e^^^^ very grateful of the Price of computers 
and coSr technology haTbeen going down ^ the last and 
20 years dramatically, which, of course, should open up new ave- 

""Zd^^lSuL to congratulate you again on your award, and 
thank you for your testimony today. 
Dr. Roberts. Thank you very much. rr^ncrresa- 
Mr. &WETr. The microphone can now be turned over to Congress- 
woman Morella. 
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Mrs. MoRELLA. Thank you and I'll make it brief. And, again, my 
congratulations— very, very proud of you. ^ 

I wanted to pick up on something that I read in Dr. Fortunes 
testimonv that relates to what you mentioned pilot projects, and 
we've talked— the earlier speakers also mentioned the President's 
AMERICAN 2000 strategy. 

But what Dr. Fortune says is he says. No, what we might do is 
recommend the inclusion of extensive CBI technology into the pilot 
school program; and he talks about every classroom should have a 
critical mass of student computer stations, 6 to 8, and a few other 
little items— 2 to 3 specialized 30-station computer labs; and for 
each teacher a presentation station, work station. 

Should Congress be involved in terms of specifically stating that 
we should have CBI technology as a component; what do you 
think? . ^ . , 

Dr. Roberts. Well, in my view, and this is my view, and its 
based on years of experience with schools and all of the discussions 
we've had with people around the country— what Congress can do 
is encourage the use of technology. 

But I really don't think you want to specify how that technology, 
what technology, or how that technology gets used. I want to em- 
phasize again, that there really is no single best technology for our 
schools. There are many technologies that can be utilized and, in 
fact, are already being utilized in increasing numbers throughout 
the country. , , , 

Mrs. MoRELLA. But, should we say that these pilot schools should 
have a component or look to the computer-based instruction , or 
should we just leave that again to academic freedom or whatever? 

Dr. Roberts. Well, I would hope that most of the schools that— 
that if they are created, would want to use technologies as a re- 
source. I really have not found any school districts that— or 
schools, or teachers, in fact, who have said, I don't want to use 
technology. 

What they have said is that the choice of using technology is in 
fact a difficult choice; it's always— it's always a trade-off. And I 
think that what we want to be sure to do is encourage the use of 
technology, not discourage it. 

And there are partnerships that have already occurred between 
schools and the private sector that I— that have created-some very 
interesting and important demonstrations, whether we're talking 
about the Apple classrooms of tomorrow, or some of the IBM sites, 
or some of the work that I know that Ron Fortune's company has 
been doing with schools around the country. 

Those— those excunples are important. And the experience that 
we've had with technology over the last 10 years is also very impor- 
tant. And I think we need to build on that experience. 

Mrs. MoRELLA. So encourage, don't mandate. Thank you. 

Mr. SwEiT. Thank you very much. It is 11:45. You have just d 
a display of Congress at its most efficient and best. And I thank 
you and congratulate you again for your award, and you are free to 
go. 

Dr. Roberts. Thank you very much. ^ 
Mr. Swett. We will revert back to a procedure where we 11 have 
all testimony given and then we'll have questioning of the panel. 
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At the conclusion of testimony , I would ask that you try to sum- 
marize as briefly as you can. t> j • j ^^a^ 

And we'll start off with Dr. Fortune, v/hom I m advised has made 
all the arrangements for the systems demonstrations that will 
follow this hearing. And the subcommittee wishes to thank you tor 
what is obviously a lot of effort on your part and for making it pos- 
sible for us to actually see this technology in action. 

Please proceed with your testimony. 

Dr. Fortune. Thank you, Mr. Swett. ...... i 

Mr Chairman and Members of the subcommittee, it is a pleasure 
and an honor to address the Subcommittee on Technology and 

^rhav^b^n^ked to address the technology and implementation 
aspects of computer-based instruction, better known as CBI. I will 
focus my remarks on three areas: . , - u.u 

the current and future technologies required for the growth ot 

CBI' 

the impediments for massive implementation of computer-based 

instruction « &nd 

recommendations for the Federal Government's role in encourag- 
ing the implementation of computer-based instruction. 

My ejctended remarks can be found in the testunony which 1 

have submitted. . . i.^ , j . 

Extensive research supports the premise that computer-based in- 
struction is an effective and efficient approach to the education ot 
Americans for the competitive, aggressive, high technology world of 
the £iitii]rG 

Given the positive contribution that CBI has had, aiid wiUcon- 
tinue to have, in educating our citizens, the key question is: What 
types of technology are critical to the growth of computer-based in- 
tf\iction ? 

^ rt^i^° significant to note that the critical technologies for the 
growth of CBI are grouped into two categories, hardware and sof^ 
ware. On page five of my testimony and on the chart to the left 
you can seS the list, i wiU briefly describe three areas that are im- 
portant to the continued growth of computer-based instruction . 

D?!1forIune. The first, as Dr. Roberts indicated, is multimedia 
technology, which will change the »sope and ,^ach of^interactive 
systems. The possibility of dynamicaUy presenting speech, pictm^es 
£d sound unSeTcomputer control will open areas that have been 
beyond the reach of computer-based instruction. W%w^l have dem. 
oiwtrations of educational multimedia software at the end ot this 

^^Tlw Mcond is pen-driven technology which require the learner 
to use pens for computer input instead of a keyboard or a mouse. 
This technology is quite portable. In the future, students will carry 
th^pereonfid computer Notebooks from class to class and to home. 

Thirdly, artificial inteUigence wUl approxmiate the construction 
of an intelligent tutor for each student. For example, some educa- 
tk)nal software in mathematics has small expert systems which 
wiUdiJ^ a student's error, and in that way the student c^n get 
the appropriate tutorials. 
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A survey of international activities in computer-based instruction 
indicates that the United States is the most prodigious producer 
and user of CBI software. Many countries are developing CBI and 
teaching computer literacy skills, most notably, Japan, several 
Western European countries, and Israel. 

Likewise, a comparison of specific CBI technology indicates that 
the United States is in a strong position vis-a-vis international com- 
petition. I refer you to page nine in my testimony and to this addi- 
tional chart. 

You can see the technologies where we are strong, where we're 
losing, and where we've lost to the competition. 

While the United States currently is strong in mpny of the tech- 
nologies related to CBI, will this country take advantage of those 
technologies? 

For instance, many schools have found it dif^cult to implement 
computer-based instruction. I have identified six impediments to 
progress: 

the high, yet declining cost; 

the lack of sufficient, high quality teacher training, as Dr. Linda 
Rob' ts pointed out; 

txie difficulty of integrating computer-based instruction into the 
standard school curriculum; 

teacher resistance to computer-based instruction; 

rapid hardware obsolescence, and; 

the lack of hardware standardization. 

Some improvements are taking place in these areas, but progress 
is quite slow. 
What can the Federal Government do? 

There are a number of coordinated steps that the United States 
Government can undertake to provide a catalyst to the develop- 
ment and use of computer-based instruction technology. 

Recommendation No. 1: The pilot schools proposal that has been 
talked about quite a bit this morning. 

President Bush's America 2000 Strategy proposes the creation of 
513 new American schools to promote better education. I recom- 
mend the inclusion of extensive computer-based instruction tech- 
nology into the pilot school programs. For example, each school 
should have the following: 

First, every classroom must have a critical mass of student com- 
puter stations. I would recommend six to eight stations. 

Second, two to three specialized 30-station computer labs, that 
might be in science, math, and in other areas. 

Thirdly, and most importantly, for each teacher, we need a pres- 
entation work station and a computer at home for the teacher. 

The second recommendation: The development of an information 
highway that you. Congress Morella pointed out. 

The creation of a high-speed, fiber optics network connecting 
schools, homes, and others to a national data resource has been 
prop(»ed. This is an area where the United States can serve as a 
catalyst, since many of the technologies that are now developing 
will only reach their full potential if the connectivity and storage 
capacity of the information highway is onlv available. 

As you know, Japan already has a $20 billion project under way 
to build an information highway. We must remain competitive. 
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Recommendation No. 3: Sponsor a CBI intergovernmental coordi- 
nation effort. 

I applaud the efforts of the FCCSET Committee, which he^ been 
referred to numerous times this morning, for its establishing stra- 
tegic objectives for mathematics and science education. 

A similar approach could be used to coordinate U.S. Government 
activities in the area of computer-based instruction. 

This coordination of government-sponsored computer-based in- 
struction activities should focus on efficiency, effectiveness, validity 
and replicability. 

Recommendation No. 4: Support the adequate education research 

funding. 

Lastly, I recommend an increase in U.S. Government funding for 
research. As suggested above, such funding should be strategically 
focused on the coordination of the broad range of research activi- 
ties that will contribute to the electronic schools of the future. 

In conclusion, there have been four major milestones shaping 
education: 

the development of the writing system in 3500 B.C.; 
the organization of the first library in 300 B.C.; 
the development of the printing press in 1440; 
the development of mass schooling in the 1800's. 
The use of computer-based instruction will represent the fifth 
great milestone in education. 
Thank you very much. 

[The prepared statement of Dr. Fortune follows:] 
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Computer*Bas«fd Instruction - Technology & Implementation 

Dr. Ronald F. Fortune 
President, Computer Curriculum Corporation 

Presentation before the Committee on Science, Space, and Technology: 
Subcommittee on Technology and Competitiveness 

June 18, 1991 

The U.S. has invested a great deal of research, development, and high expectations 
in computer-based instruction (CBI) during the past 25 years. CBI is an application 
of technology to a collection of teaching methods and has generated much 
excitement among educators who recognize the computer's potential as an 
instructional delivery medium. Research to date shows that well-designed CBI can 
markedly improve student performance and motivation. Recent cost-benefit 
analyses show that CBI can be a low-cost, effective resource for providing 
instruction. 

CBI also offers benefits that the more traditional classroom teaching methods 
cannot provide. For instance, it can support individualized learning so that 
students can proceed at their own pace regardless of their ability level. Along with 
instruction, CBI configurations can provide access to information databases and 
serve as media for long-distance communication. In some applications, a 
combination of instruction, information access, and communication capabilities 
can provide unique and stimulating learning experiences that cannot be duplicated 
by any other teaching methods. 

This paper will address the technological and implementation aspects of computer- 
based instruction by examining the following: 

• Types of CBI 

• Demonstrated results of CBI 

• Cost-effectiveness of CBI 

• Critical technologies 

• Impediments to progress 

• Recommendations 
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Types of Computer'Based Instruction 

Integrated Learning Systems (ILS). The most educationally advanced type of 
CBI is the ILS. Integrated learning systems are characterized by networked 
microcomputers, a comprehensive curriculum, a uniform user interface, an 
instructional management model, user reports on performance, and an 
implementation model that includes teacher training. Some ILSs have been 
designed to individualize learning by adapting to the learner s performance. 
Other systems function as intelligent tutors, in that the curriculum is organized 
around learning models that take into account what the student knows, what 
the student's weaknesses are, and what the optimal instructional activities are 
in order to maximize the efficiency level at which a student can learn. Because 
these models have been tested with thousands of students, once the student's 
mastery rate in a subject area is estimated, a precise trajectory can be constructed 
for the student which presaibes the amount of time required to master a larger 
body of material. With some ILSs, teachers can forecast when individual 
students or groups of students will complete a one-year mathematics program, 
for example (Suppes, et al, 1988). One of the significant contributions of CBI is 
to incorporate validation procedures into the instructional models of how 
students learn. In this way, CBI can become authentic laboratories of 
educational investigation in which the learner teaches how to teach. 

General application software. In contrast to the comprehensive approach of the 
ILS, general application software represents a set of computer-based tools that 
may or may not relate to the curriculum or to each other. General application 
programs include: word processors, database programs, spreadsheets, reference 
works, and other productivity tools. Some of the newer software in this area is 
available on CD-ROM disks. As a result of huge storage capabilities on optical 
media (CD-ROM and video disk), entire encyclopedias, dictionaries, atlases, and 
numeroao-. other reference works are becoming available on-line. 

Educational software packages. Unlike general application programs, 
educational software is designed specifically for use in classrooms. This 
category of software is usually used on a single station, although many of these 
programs can be networked. Usually software in this category is used for skill 
reinforcement, to provide shident tools, or for providing miao worlds/ 
environments. One example of innovative educational software in the area of 
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science is mi;:rocomputer-based laboratories (MBL), which use computers in 
school science laboratories to help students collect, analyze, and display data 
(Linn, 1986). Measurement instruments such as thermometers and light 
meters are connected directly to computers that record the measurements these 
instruments make, and the results can be displayed in real time while they 
change. Students use instructional software to manipulate and present the data 
and to answer questions about their interpretations of the findings. Most 
educational software packages are designed for math, reading, language arts, or 
science. 

Distance learning. Distance learning systems represent the convergence of 
three informational technologies: the computer, telecommunication, and 
television. Distance learning allows a teacher to interact with students over 
great distances. A teacher in San Antonio, Texas, can provide Spanish 
instruction to students in Minnesota, for example. Additionally, this 
technology allows for interaction between the student and teachers, and for 
interaction between students. 

Functional learning environments. Another way to use computers in the 
classroom is as a tool or a communication medium, not just for distance 
learning, but for networked, interactive communication and collaborative 
learning. For instance, high school students can participate in actual scientific 
experiments by collecting data in their locale and transmitting their findings via 
electronic mail to scientists who synthesize findings from various sites. 
Another example that has been researched extensively is a student-run 
newswire service that is disseminated over an electronic network to other 
students in distant locations. Students write their stories with word processors 
and can instantly transmit them around the U.S. Research has found that this 
kind of activity increases student motivation, improves their writing skill, 
promotes creative thinking and problem solving, and establishes cooperative 
work skills (Riel, 1989). 

Demonstrated Results of Computer-Based Instruction 

A growing body of research demonstrates that computer-based instruction can 
be designed and implemented to deliver effective instruction in a variety of 
subject areas and for a variety of students. (See Appendix A.) 

-3- 
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Learning. The most common focus of research about CBI is its impact on 
learning. Hundreds of studies have shown that well-designed CBI can 
successfully teach a wide range of subjects (for reviews, see Becker, 1986; Krendl 
Si Lieberman, 1988; Lieberman, 1985; Niemiec & Walberg, 19S7). Many studies 
have found that CBI can be more efficient than traditional classroom teaching, 
in that learning time is reduced, students enjoy using the computer, and their 
attitude toward the subject matter often improves. 

In addition to qualitative evaluations of the use of technology in the classroom, 
there must be quantitative evaluations of the effectiveness of the technology on 
learning outcomes. One district-wide longitudinal study in Maryland, for 
example, showed that the district scores on standardized achievement tests 
increased over a six-year period so the district rose from 14th place to 3rd in the 
state (Austin, 1987). A summary of a body of studies of about 10,000 Chapter 1 
students showed an average gain of 7 NCE units. This represents a mean 
achievement growth of 1.3 years per year, a meaningful change relative to the 
typical growth of .7 year per school year for Chapter 1 students (Zar.otti, 1984-90). 

Transfer of skills from CBI to other settings. Newer CBI software has been 
designed to give students practical applications for problem solving in 
simulations and games. Some of these applications make abstract concepts 
visual and conaete, provide immediate feedback on the accuracy of students' 
thinking, and encourage students to think about their own thinking strategies. 
As more CBI software has been developed to teach higher-order thinking and 
problem-solving skills, some investigators have focused on the student's ability 
to transfer these skills from the specific software environment to other learning 
and problem-solving environments, 



Cost'Effectiveness of Computer-Based Instruction 

Accounting for all the main ingredients needed to provide instructional 
services with CBI, a few researchers have conducted cost-benefit an?lyses of CBI 
compared to other educational interventions. One study contrasted CBI 
instructional activities in reading and mathematics with peer and adult 
tutoring in these areas, reduction of class size by five students per class, and 
extension of the school day by one hour that was equally divided between 
reading and mathematics (Levin, 1986). The most academically effective 
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intervention per dollar spent was peer tutoring, followed by CBI, reducing class 
size by five students, extending the school day, and adult tutoring. 

Further analysis indicated that the effectiveness of CBI fluctuated depending on 
the way it was implemented at the local site. The cost of delivering CBI, along 
with providing adequate personnel and other resource support, varied widely 
from school to school. Sites that spent the most money per student to deliver 
CBI showed the highest gains in learning. Calculated as a ratio, the cost 
effectiveness (learning gains per student compared to dollars spent per student) 
improved as the money spent on CBI per student increased. Levin recom- 
mends that schools should use their CBI resources to full capacity in order to 
reap the most benefits, instead of underutilizing them as is typically the case. 

Critical Technologies for CBI 



The critical technologies for CBI can be grouped into hardware and software 
technologies. The following list represents the key components for CBI 
systems: 



Hardware 


Software 


Microprocessor 


Operating systems 


Magnetic information storage 


Graphics software 


Laser devices 


Database systems 


Hardcopy technology 


High-perfomiance computer networks 


Displays 


Handwriting recognition 


Optical information storage 


Speech recognition 


Mennory chips 


Artificial intelligence 


Graphics hardware 


Text to-speech 


High pcrformance computer networks 


Learning models 


Pen-input computers 


Video compression/decompression 


Video compression /decompression 





We single out four technology areas that appear to be important to the 
continued growth of Cbl. These are: 



• Mutti*media 

• Pen-driven systems 

• Artificial Intelligence 

• Databases 
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Each these areas is discussed below, with particular consideration to the 
special issues involved in CBI application. 

Multimedia. Mulrimedia is generally defined to be a combination of media for 
communicaHon and interaction, including text, graphics, photos, sound, and 
full-motion, computer-controlled video. Multimedia I'^presents a variety of 
hardware and software technologies, including the following: 

• speech synthesis and recording 

• video display 

• high-bandwidth storage and transmittal 

• video and speech compression and expansion 

• authoring software 

The development of these separate technologies, and their smooth integration, 
is a major challenge being undertaken by a variety of research and commercial 
groups throughout the world. 

Multimedia appears certain to aeate a marked shift in the look and feel of 
almost all interactive systems. In particular, education is likely to be very 
heavily affected, with CBI programs containing multi-media elements. 

Multimedia will change the scope and reach of CBI. Subjects such as social 
science, geography, music, art, and science may well see the fi complete CBI 
implementations with the introduction of multimedia techi. iOgy. The 
possibility of dynamically presenting speech, pictures and sound under 
computer control will open up areas that have been beyond the reach of CBI. 

Pen-driven Technologies. A number of companies are preparing hardware and 
software systems that will use pens for user input instead of traditional 
keyboard and mice. These systems are expected to broaden the application of 
computers. I see this as a very important technology for education. 

Just as multi-media technologies will increase the range of applications for CBI, 
pen-driven technologies will make it possible to use computers everywhere in 
the educational process. 
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Visionaries have long expected that each student would have his own 
computer system, would carry it from class to clas:>, and use it at home. Until 
now, the size of the keyboard--the largest current element in today's portable 
computers-has been the significant limitation on size and flexibility of use. 

Pen-driven computers will realize this dream with computer systems that are 
the size of a small notepad. Students will be able to write on the screens of 
these systems, with the system recognizing the handwriting and storing it as 
text. With the introduction of these systems, we can expect to see a new range 
of educational activities. 

Artificial Intelligence. Multi-media increases the computer's ability to create a 
rich environment. Pen-driven input systems will move the computer into 
n.v/ physical settings. Artificial intelligence (Al) will increase the computer's 
tutorial capabilitiL^ and enhance the relevance of its decisions to each 
individual student. 

The last several decades of research in artificial intelligence have resulted in a 
number of emerging technologies. These include natural language 
understanding systems, speech-recognition hardware and software, and expert 
systems for embedding decision-making knowledge into the software. 

Many of today's educational systems use some of these capabilities. Fcr 
example, programs that analyze a student s writing typically embed knowledge 
about English .syntax and lexicons into the program. This is an example of the 
application of natural language processing. Also, programs that teach 
mathematical logic and advanced mathematics employ AI models of 
mathematical reasoning to assist in proving theorems. Finally, some programs 
have small expert systems to diagnose a student's errors in arithmetic exercises 
and can provide the student with highly tutorials to help each individual 
studert. 

Several things are needed to realize the promise of AI, including the following: 

• Powerful computers: AI systems require more CPU power and memory. I 
expect that the marketplace will provide adequate power for sophisticated AI 
systems within the next five years. 
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• Adapution of existing AI techniques: Many techniques, such as text and 
style checking, will need adaptation for student use. 

. AI learning models: New models, based on such AI techniques as expert 
systems, will be required. For example, systems that tutor students in 
physics by understanding their underlying misconceptions about physical 
principles may be possible. 

Databases. Within the next few years, we can expect an inaeasing amount of 
the world's storehouse of information to be organized in databases for 
computer access. Such databases will contain many kinds of data (photos, films, 
text) and will offer new access methods. 

Multi-media techniques will store and present a variety of data, and AI 
techniques will offer the means to access the data easily and efficiently. We can 
expect large, national databases that can be accessed through new 
telecommunications means. 
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Looking ahead* A survey of international activities in computer-based 
instruction indicates that the U.S. is the most prodigious producer and user of 
CBI software. Many countries are developing CBI and teaching computer 
literacy skills, most notably Japan, several Western European countries, and 
Israel. Likewise, a comparison of specific CBI technologies indicates that the 
U.S. is in a strong position vis-a-vis international competitors. 



Competitive Comparison c CBI Technologies 


Where we're strong ... 


... where we're losing ... ... and where we've lost 


Microprocessor* 


Laser devices* Optical information storage* 


Magnetic information 


Hardcopy technology* Displays* 


storage* 


Memory chips* 


Operating systems* 




Graphics hardware L 




software* 




Database systems* 




High*per forma nee computer 




networks 




Pen-input computers 




Video compression/ 




deoompression 




Handwriting recognition 




Speech recognition 




Artificial intelligence 




Text-to-speech 




Learning models 




* Source: "Gaining New Ground" (Council on Competitiveness) 



However, while the U.S. currently is strong in many of the technologies related 
to CBI, it may not be in the best position to take advantage of those 
technologies. The following section highlights some of the obstacles that must 
be overcome in order to fully realize the capabilities and promise of computer- 
based instruction. 



Impediments to Progress 

Many schools have found it difficult to implement CBI and other computer- 
based learning activities into the standard curriculum. Following are several 
obstacles they face. 
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Cost. It is expensive for schools to integrate CBI into the curriculum. Not only 
must equipment -- including computers, printers, and storage devices - be 
purchased, but it must be installed and maintained, schools must provide a 
secure facility to house it, teachers must be trained to use it effectively and 
integrate it successfully into the curriculum, and the cost of new software and 
computer supplies must be budgeted. Other potential costs include the value of 
the trade-off between the teacher's time spent on CBI preparation and 
presentation versus time that could be spent on other educational activities. 

Teacher training. Many schools would need to invest a great deal of money to 
train their teachers to use CBI effectively, and training dollars are dwindling m 
the 1990s. Yet CBI is best implemented by well-trained teachers. Some schools 
and school districts, aware that their teachers lack preparation, are reluctani to 
impose CBI on an untrained teaching staff. Most teacher trainmg efforts 
provide only an introduction to'the technology and fail to focus on effective 
instrucrional applications of CBI or how to use the technology as a teaching tool 
(Marshall, 1989). Training efforts also fail to integrate the results of research 
about the effectiveness of CBI, thereby missing opportunities to assure teachers 
that they are preparing to use a powerful educarional resource (Glenn & Carrier, 
1986). 

Integration into the standard school curriculum. Innovative CBI software is 
not always tied directly to schools' curricular goals. Often it is up to the teacher 
to integrate CBI into existing lesson plans, and this places a heavy burden on 
individuals who are already overworked. As Mary-Alice White observes in an 
article on trends in educaHon and technology, asking teachers to integrate new 
technologies into the traditional curriculum is "like asking the Wright Brothers 
at Kitty Hawk if their airplane could be integrated into the Virginia train 
schedule" (White, 1989). 

Teacher perceptions of CBI. Teachers have been increasingly made accountable 
for raising their students' scores op standardized tests. They are reluctant to 
introduce CBI into the classroom unless they are assured that it addresses the 
schoors established curricular goals and can improve student performance on 
tests. Most teachers recognize that the computer is an important teaching tool 
and that computer literacy is an essential set of skills for their students to 
develop. Yet many are not convinced that CBI is the best way to spend precious 
classroom time. 

-10- 
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Hardware obsolescence* Schools that purchased computers just a few years ago 
are finding that their equipment is already obsolete and unable to run some of 
the newer instructional software available today. It is difficult for school 
administrators to justify large investments in hardware when they are aware 
that the equipment they buy today may be outdated very soon. 

Standardization. The market for CBI is tragmented, so it is difficult for software 
companies to create or market CBI amid all the diversification. Schools vary 
widely in the hardware they use and how it is configured - in classrooms, 
laboratories, or libraries. Without an installed base of consistent and 
unchanging hardware, most vendors are reluctant to invest the huge sums it 
would take to create state-of-the-art software. School's instructional goals and 
policies regarding the use ot CBI may also differ, so software companies cannot 
create CBI that always matches a school's needs. 

From the schools perspective, a decision to buy one type of hardware means 
that the school can only use software that is compatible. Rarely do schools have 
the variety of hardware it would take to run all the CBI software available, so 
their range of choice is limited to the software that runs on the school's 
system(s). 

Recommendations 

Many changes must occur to bring about the expected increases in the 
application of CBI. Private industry will. produce most of the purely 
technological changes such as improvements in CPU and display technology. 
The educational research community, with a variety of funding sources, will 
continue research into the methods of the effective application of CBI 
technology. Local school districts will develop their own implementation plans 
and provide examples of successes. 

There are a number of coordinated steps that the U.S. government can 
undertake to provide a catalyst to the development and use of CBI technology. 
Four such important steps are described below. 
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Pilot schools. President Bush's "America 2000 Strategy" plan proposes the 
creation of 535 "New American Schools" to promote new programs. I 
recommend the inclusion of CBl technology into the Pilot School program, 
with particular emphasis on implementation plans, evaluation programs, and 
replicability studies. 

Information highway. The creation of a high-speed fiber optics network inter- 
connecting schools and homes to each other and to national data resources has 
been proposed. This is an area where the U. S. government can serve as a 
catalyst, since many of the '.echnologies that are now developing will only reach 
their full potential if the connectivity and storage capacity or the Information 
Highway is available. 

Governmental superagency to support CBL The FCCSET Committee 
established strategic objectives for mathematics and science education. A 
similar approach could coordinate U.S. government activities and assure that 
any funding is focused on programs that will provide synergy to the application 
of CBI technology. 

Funding. Lastlv, 1 recommend an increase in U.S. government funding for 
research. As suggested above, such funding should be strategically focused on 
the coordination of the broad range of technological and research activities that 
will contribute to the school of the future. 
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Appendix A 



Use of Technology to Strengthen Human Resource De\ elopment in the U. S. 

After 25 years of re^^p^rch, development, and applica';ion, CBI can now 
contribute significanily to changing how this country prepares its citizens for 
the workplace as we move toward the 21st century. CBI offers a means of 
meeting many of the goals for education established by President Bush and the 
governors. 

Basic skills for K-12 students. The use of CBI to supplement basic skills 
instruction is the most widely instructional use of computers in K-12 schools. 
Of the teachers using computers in elementary schools, more than 80 percent 
use software for basic skills instruction (Instructor Magazine, 1991). Although 
there is positive evidence that the use of CBI is effective in increasing student 
achievement, the following factors must be considered in selecting and 
implementing CBI: curriculum covered, learning model followed, and 
implementation strategy used. 

Learning disabled students. CBI can effectively supplement classroom work for 
learning disabled, educable mentally retarded, and emotionally disturbed 
students. Learning disabled students have shown significant increases with CBI 
in mathematics achievement, reading skills, and spelling, compared to similar 
groups of students who did not use CBI. Emotionally disturbed students who 
have trouble relating to other people work alone successfully with emotionally 
''neutral" CBI lessons, and they remain on task with CBI longer than with 
classroom instruction. 

Niemiec and Walberg (1987) reviewed the literature and found that the CBI 
programs studied were more effective for learning disabled students than for 
other students. They offer four reasons why learning disabled and 
disadvantaged students respond well to CBI. 

(1) CBI is less threatening than classroom instruction, , which requires in-class 
recitation. 

(2) Learning disabled students benefit greatly from extensive drill-and- 
practice, whereas the more advanced students do not need that experience 
to succeed. 
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(3) CBI has built-in diagnostics, which may be especially useful to learning 
disabled students who need frequent and specific remediation. 

(4) The presence of CBI may indicate that the school is giving other academic 
support and teaching resources to learning disabled students, so their 
academic achievement may be due to other factors in addition to the CBI 
they receive. 

Advanced secondary students. There is at the present time a strong need to 
offer a variety of technical courses in high school, especially courses that deal 
with advanced technology and computer science. As an example, it is difficult 
to see how we will bring to many of tue 23,000 high schools in the United States 
the resources to teach a first course in the prog-ramming language Pascal, 
especially at a level that will make it suitable fT the students to take the 
advanced placement test in computer science, which is built around that 
language. It is possible to offer essentially complete courses by computer-based 
instruction. Such courses could be managed by teachers who are not 
themselves experts in the subject. The main responsibility for instruction in 
terms of presentation of material, assisting the student when help is needed, 
and evaluating student progress would fall to CBI. The administration of the 
course and the general problem of student guidance would fall to the teacher. 
This is a model that has been extensively tested in some universities, and there 
is ever'- -ason to think that it will be successful at the high school level as well 
(Suppes & Fortune, 1985). 

Strategies involving programming course also apply to advanced courses in 
math, science, and foreign languages. There are currently about 35,000 high 
school students a year taking the advanced placement examination in calculus, 
yet a fairly large number of high schools in this country are not prepared to 
offer a course in calculus at that level. Again, these courses can be principally 
taught by computer. 

Though an NSF grant, Patrick Suppes at Stanford University has overseen the 
development of a computer-based advanced placement course in calculus. 
During the 1990-91 school term, it was piloted with very bright middle school 
students. During the spring of 1991 these students took the AP calculus exam. 
We await the results. 
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Adull Education/Workplace Literacy. The literacy problem facing this country 
for adults in and out of the workforce has been well documented. When new 
jobs are ranked according to the language, reading, math, and reasoning skills 
they require^ only 20 percent fall into the lowest levels. By contrast, 41 percent 
of new jobs fall into the highest level of skills. (Workforce 2000). 

Computer-based instruction offers hope in raising the skill levels of the 
unemployed and also those who are employ ed. With individualized lessons 
that are self-paced, have tailored feedback, and include evaluation of progress, 
these learners will in effect have personal tutors. It is especially critical to adult 
learners to have intelligent computer-based instruction that will be sensitive to 
the individual learning styles and speed of the learners. Since workers' prior 
knowledge is more extensive than in younger learners who may be working on 
comparable basic skills, it is imperative that the computer-based instructional 
system be sensitive to when learning takes place. Some of the sophisticated CBI 
programs have this capability. 

CBI has been implemented in several nationally known companies. Analyses 
of some of these sites have shown remarkable results. For Example, Weber 
Metals in Los Angeles has published statistics showing the following average 
grade gains: 



Course 


n of Hours 


% Gain 




Math 




19 


19 


Reading 


10 


37 


English as a Second 


30 


22 


Language 







Other companies are reporting reductions in absenteeism, an increase in 
production efficiency to measurable savings and general improvement in 
quality, and workforce attitude. 

When employees need to develop new job skills or update existing skills, CBI 
has been a major means for employers to provide training. When used on a 
large scale and in geographically diverse worksites and at times convenient to 
the learner, the cost-effectiveness of CBI is remarkable compared to face-to-face 
classroom training. The CBI technology is now in place for workers to actually 
take the CBI at home and download the performance records to a diskette. The 
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worker periodically brings the diskette to the training facilitator so that progress 
can be recorded. The worker either has a computer at home, or the workplace 
has microcomputers to loan to workers for a period of time. 



-16- 



90 



Computer-Based Instruction** Selected References 

Ausrin, G. R. (1987). Computer-assisted instruction in calvert county public 

schools, Center for Educational Research and Development, University of 
Maryland, Baltimore County. 

Bangert-Drowns, R., Kulik, J., & Kulik, C-L. (1985). Effectiveness of computer-based 
education in secondary schools, journal of Computer-Based Instruction. 
12(3), 59-68. 

Becker, H.J. (1987). The impact of computer use on children's learning; What 
research has^hown and what it has not . (Report No. 18). Baltimore, MD: 
Center for Research on Elementary and Middle Schools, Johns Hopkins 
University. 

Clark, R.E. (1986). Evidence of confounding in computer-based instruction studies: 
Analyzing the meta-analyses. Educational Communication and Technology 
loumaL 33 (4). 249-262. 

Clements, D.H. (1986). Effects of L(X;0 and CAI environments on cognition and 
creativity, lournal of Educational Psychology. 78 (4). 309-318. 

CoUis, B. (1988). Computers, curriculum, and whole class instruction . Belmont, 
CA: Wadsworth. 

Collis, B.A., Kass, H., & Kieren, T.E. (1989). National trends in computer use 

among Canadian secondary school students: Implications for cross-cultural 
analyses. lournal of Research on Computing in Education. 22 (1). 77-89. 

Dede, C. (1986). A reviev/ and synthesis of recent research in intelligent computer- 
assisted instruction. International Journal of Man-Machine Studies. 24. 329- 
353. 

Delclos, V.R. & Kulewicz, S.J. (1986). Improving computer-based problem-solving 
training: The role of the teacher as mediator. Computers in Human 
Behavior. 2. M2. 

Glenn, A.D. & Carrier, CA. (1986). Teacher education and computer training: An 
assessment. Peabodv lournal of Education. 64 (1). 67-80. 

-17- 



91 



Hannafin, M.J. (1984). Guidelines for using locus of instructional control in the 
design of computer-assisted instruction, journal of Instructional 
n^v<»lnpment. 7 (3). 6-10. 

Johnson, R.T.. Johnson, D.W., & Stanne, M.B. (1985). Comparison of computer- 
assisted cooperative, competitive, and individualistic learning. American 
Educational Research Journal. 23 (3). 382-392. 

Kern, CM. & Malta, K.F. (1988). The influence of personality on self-paced 
instruction, intimal of Coit ipM^^f-Rased Instruction. 15(3), 104-108. 

Krendl, K.A. & Lieberman, D. A. (1988). Computers and learning: A review of 

recent research. Jr>..m«l nf Edu ^arinnal Comoutint^ Research. 4(4), 367-389. 

Kulik, J. (1981). Intetrrating find ings frnm different Ipvels of Instructipn. Paper 
presented at the annual meeting of the American Educational Research 
Association, Los Angeles. 

Kulik, J., Kulik, C-L., & Bangert-Drowns, R. (1985). Effectiveness of computer-based 
' education in elementary schools, rompvt^r!^ H"mi^n Bgh^yipr, 1, 59-74. 

Lepper, M.R. & Chabay, R.W. (1985). Intrinsic motivation and instruction: 

Conflicting views on the role of motivational processes in computer-based 
education. Educational P sychologist. 20(4). 217-230. 

Levin, H.M. (1985). Costs and cost-effectiveness of computer-assisted instruction. 
Public Budgeting and Finance. 5(1). 27-42. 

Levin, H.M. (1986). The economics of computer-assisted instruction. Pgafesslji 
l^ymal of Ed urarion. 64(1). 52-66. 

Levin, H.M., Glass, G.V., & Melster, G.R. (1984). ^9^^^pffp^tivene?? of fo^r 
.Ay^»^ nn»\ interventions . (Project Report No. 84.A11). Stanford, C A 
Insritute for Research on Educational Finance and Governance, Stanford 
University. 

Levin. H.M. & Meister, G.R. (1985). Fc^^i.:?Honal technoloyy and wmputers: 
' Promises. prnynij»>«», always promises. (Project Report No. 85-A13). 
Stanford, CA: Institute for Research on Educational Finance and 
Governance, Stanford University. 

■ 18- 



ERIC 



95 



92 



Lieberman, D.A. (1985). Research on children and microcomputers: A review of 
utilization and effects studies. In M Chen and W Paisley (Eds.), Children 
and microcomputers: Research on the newest medium . Beverly Hills. Sa^e. 

Lieberman, D.A. & Linn, M.C. (1991). Learning to learn revisited: Computers and 
the development of self-directed learning skills, journal of Research on 
Computing in Education, (23) 3. 373-395. 

Linn, M.C. (1986). Computer as lab partner. Teaching Thinking and Problem 
Solving, 18(3). 

Marshall, G. (1989). Evaluating research on school con\puter use. Education 
Digest. LIV(5), 30-33. 

Niemiec, R.P., Blackwell, M.C, & Walberg, H.J. (1986). CAI can be doubly effective. 
Phi Delta Kappan,67, 750-751. 

Niemiec, R.P., Sikorski, M.F., & Walberg, H J. (1989). Comparing the cost- 
effectiveness of tutoring and computer-based instruction, lournal of 
Educational Computing Research. 5 (4). 395-407. 

Niemiec, R.P. Si Walberg, H.J. (1987). Comparative effects of computer-assisted 
instruction: A synthesis of reviews, lournal of Educational Computing 
Research. 3(1). 19-37. 

Nishisono, H. (1991). Japan's national policy on computer use in its schools. 
T.H.E. lournaL 18 (6), 64-67. 

Okamoto, T. (1987). The trends of computer-based instruction in Japan, lournal of 
Computer-Based Instruction. 14 (3). 114-118. 

Pea, R.D., Soloway, E., & Spohrer, J. (1987). The buggy path to the development of 
programming. Focus on Learning Problems in Mathematics. 9. 5-30. 

Peled, E., Peled, Z., & Alexander, G. (1989). New information technology in 

education: A challenge to educational policy in Israel. lo urnal of Research 
on Computing in Education, 22 (1). 90-106. 

Riel, M. (1989). The impact of computers in classrooms, lournal of Research on 
Computing in Education. 22 (2). 180-189. 



-19- 




93 



Salomon, G, (1989). Computers in the curriculum. In M. Eraut (Ed.), Ipt^rn^^ipnal 
encyclopedia of educational technology . New York: Pergamou. 

Stein, J. (1986-87). The computer as lab parmer: Classroom experience gleaned 
from one year of microcomputer-based laboratory experience. I^un^al q( 
Educational Technology Systems, 15 (3), 225-236. 

Suppes, P., Zanotti, M. & Smith, N. (1988). Probable relation between functional 
gain and time needed for math concepts and skills anc reader's workshop. 
Technical Notps on Curriculum an d Evaluation. 1. 

Suppes, P. & Fortune, R. (1985). Computer-assisted instruction: Possibilities and 
problems. NASSP Bulletin. 69 (480). 30-34. 

Swan, K., Guerrero, F., Mitrani, M., 4c Schoener, J. (1990). Honing in on the target: 
Who among the educationally disadvantaged benefits most from what CBI? 
jni,i^nj ^l of Research on Computing in Education. 22(4), 381-403. 

Trowbridge, D. & Dumin, R. (1984). ^"^w W^ irm { ^ P invesrigation of group? 
working at the computer . Irvine, CA: Educational Technology Center, 
University of California. 

Walker, D.F. (1983). Reflections on the educational potential and limitations of 
miaocomputers. Phi Delta Kappan. 103-107. 

White, M.A. (1986). Synthesis of research on electronic learning. In T.R. Cannings 
& S.W. Brown (Eds.) The informaHpn age classroom . Irvine, CA: Franklin, 
Beedle & Associates, 17-20. 

White, M.A. (1989). Current trends in education and technology as signs to the 
future. Educarion & Computing. 5. 3-10. 

Zanotti, M. (1984-90). Unpublished summary of studies. 



-20- 



9/ 



94 



Conput^r Curriculum Corporation 
1287 La%rr€nctt Station Road 
Sunnyvale, CK 94089 
408/745-6270 



EDUCATION I 



Ph.D. 

M.A. 



Univaraity of California* Barkalay 

Univaraity of California, Barkalay 

Univaraity of California, Barkaley 

Univaraity of California, Barkalay 



Markating 1984 
Education 1979 
Education 1974 
Hiato^y 1970 



EHPLOYHEMT HZBTORYt 

Praaidant 

Computar Curriculum Corporation 
Praaidant and chiaf Operating officar 

Computar Curriculum Corporation 
Vica Praaidant, Markating 

Computar Curriculum Corporation 
Ragional Vica Praaidant, Markating 

Cooiputar curriculum Corporation 
Markating Managar 

computar curriculum Corporation 
Markating Rapraaantativa 

Computar Curriculum Corporation 
Director of Fedaral Projacta 

Jaffaraon School Diatrict 

Dily City, California 
coordiii&tor of Fedaral Projacta 

Jaffaraon School Diatrict 

Daly City, California 
Principal/Teacher 

Berkeley Unified School Diatrict 

Berkalay, California 
Taachar 

Berkalay Unified School Diatrict 

Barkalay, California 
Raaaerch Aaaiatant, Ford Foundation Project 

Lagoa, Nigaria 
Conaultant, Varioua School Diatricta 



1990 * Present 

1987 - 1990 

1986 - 1987 

1984 - 1936 

1981 - 1984 

1980 - 1981 

1977 - 1980 

1975 - 1977 

1972 - 1975 

1970 - 1972 

1970 

1972 - 1980 



CREDEOTZALBt 



coaaninity College Superviaor credantial 

AdminiatratiTe Sarrica Credential 

California Standard Sacondary Teaching Credantial 



1976 
197S 
1971 



POBLZCATZOMIS 



With Dr. Patrick Suppea, -Poaaibilitiaa for Computar ^aaiated 

t'ttUni i Aaaoclmtion o< Sacondarv sehoai Princioala Bulletin. April, 1985. 

**cooputara Uae in Education, " California School Board Journal. Spring, 
1984. 

With Harriet Jonea and othara, Social Studies Curriculum Ouidea," for 

the Jeffaraon School Diatrict and the U.S. office of Education, June, 
1977. 

-Secondary School Curriculum Cuidea," for the Berkeley Unified school 
Diatrict and the National Inaititute of Education. 



ERLC 



38 

BEST COPY AVAILABLE 



95 




No 79 



Districtwide technology boosts teaming 



During the veir A ASA 
^ H »prni in Calven Counlv. 
\ 1..Khoolidevetop*nfiavKi- 
^xapr on Icaderthip ^nd 
icihnolouv. we learned thai 
"cofiveniional wiidoin" about 
(echnotofy in Khooti mav be 
loo conventionai • ■ and not 
verv wi*e, Too often we tend 
10 view technology ai tome- 
ihinfi Khooh give to children 
for tomorrow, rather than to 
teachen for todav. 

The videoupe. "Leader- 
ship k rechnotoijyt Connec- 
(KN1I for Succett. and com- 
panKH) flu»de. lell the tiorv of 
a lO.OOO^udent tchool di>* 
tnct that took on the utk of 
improving an entire district t 
amiity to respond to the learn- 
ing need* of each child. The 
dmna used an Integrated 
Learning SyMem icomputer- 
aitiMcd inunKtion) to teach 
each child every day. More 
than that, though, teachen 
ind adminiuntori could ac- 
ctu infonnation from »tu- 
dent<omputer interacttofl at 
uftefi ai thev waittcd to. in cr- 
der to inform deciuoni about 
curriculum, inn ruction and 
suprrvitton. 

A number of other Khooi 
dmrictf acrow the country 
are uung Integrated Learn- 
in< SvMemi. But it it rarer to 
nnd ILSditirtctwide. Mom of- 
ten. It teemt to be reserved 
for ipecial populationi — 
nannelv. ' ai.ritk * ttudenti. 

We fin* became mterened 
in Calvert County when we 
heard it had moved from 1 4th 
to third among the tute'i 
school disthctf for reading, 
language and mathematm: 




hat 62 percent of the stu- 
dent* were Koring above the 
50th percentile with virtually 
no one in the firs* three 
staninef. Moreover, the ef- 
fect! were being tutuioed for 
Chapter 1 children, and par- 
enti were wuhdrawing chil- 
dren from private ichooto 
put them bKk into the public 
ones. 

We became even more in- 
tereMcd when we read cntKal 
report! from technology 'e«- 
ptm" that regafdleM of re- 
sult!, whatever the county wa» 
doing wam't a "■ood" uje of 
technology. Stwfcnu were m 
labt. u»mg a "cloied" tynem 
with a predetermined curric- 
ulum, rather than m cUt*- 
room! with free-!tanding 
computer! and each te»i:her 
choQMnt the Mrftware. 

Worimg wHh Dr. Albit A. 
CUtthom of EaM C*rc4ina 
UnivertttV. we .Tiade an early 
viftM to the ditinct to see 
whether we couki fifwl why 
such good resuka were com- 
ing from luch "unaccepuole' 
uict of technology. Ttiat ! 
when the reMika became irven 
more curioua. 



In this age of decemTalin- 
IKMY. we heard teKher* and 
buikling adminmratort we in- 
ters lewcd pnittng their cen- 
trailed. tv«emwide cumcu- 
|jm and iupervi!orv 
proceiw!. They umvenally 
attnbutcii their tucceue* in 
raising student achievement 
(o strong central leadenhip, 
Teachers uid the use of labs 
freed them to be more cre- 
ative, rather than eroding 
their autonomv. 

• Because of the nature of 
(he courseware, studenu em- 
pertenccti success relatively 
quickly This reduced aniciety 
for adminiitrator!. givmj 
them more room to make 
broader modification! in 
schooling, whtle silencing po- 
tential cntics. U al!o provided 
both studenu and tetchen 
with a btK of positive eiiperv 
ences to build on. 

• Both principals and 
teKhen feh confident that 
they could uke additional 
risks. Since they knew 'no 
one would fall through the 
crocks." they could be more 
creative in classroom and 
building problem-solving. 
They didn't have to tpend en- 
ergy reinventing cumcubr 
wheels. 

• New "problems" were 
usc<l as a foi«l poiM^for 
colbboration between Khool 
budding* and the central of- 
Hce. For eiumple. the distria 
had to figure out t way to 
move lOth gr»de algebra to 
the siMth grtck. m order to 
keep up wtth student 
progress. 

In Calvert County, we uw 



threads running through the 
disinct't teven- vear enpen- 
ence with technology 

9 A constant vision was 
bated on connected belief* 
that all children can learn and 
all SUIT can be (rrowing, cre- 
ative professwnab. 

• The tupenntendent rein- 
forced the connections 
among curriculum, tupervi- 
sion and instruction using in- 
formation generated by tech- 
nology. 

This information, gleaned 
from students interacting 
with computen m a non-tesi- 
mg mode, had been unavail- 
aMe to teK hers and principali 
prevtouslv. Yet it was viral to 
their management of teach- 
ing and learning. Further- 
more, thif. student-specific 
dau wu an imporuni re- 
source for collegtti interac- 
tion among teacher* and pnn- 
cipab, who used it to focus on 
new way* to respond to spe- 
cific ne<ds of "their kids." 

If Khools want sutuined 
high leveh of student achieve- 
ment, they cannot afford to 
continue a* the onlv work set- 
ting that provide* computers 
u tool* for client* before 
workers. 

Alio, for dittnawide im* 
provemenu to be mainuined, 
there first mu*t be a school 
•svttem " The connecting 
relationship* that enable paru 
to work together toward com- 
mon purposes mutt be in 
pbcc. The goal; to make 
Khool disincu. rather than 
computer bb*. the Integrated 
Learning Systems. 
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Computer-Asalsted Instruction in Calvert County Public Schools 



Five years ago Calvert County Public Schools bbcamt one of the nation's 
earliest large-scale us'^rs of computer-assisted instruction. In October 1963 
hardware and software was installed to provide daily computer practice activities 
for all students in first through fifth grades in the county's six elementary 
schools* Or. Eugene M. Karoli superintendent since 1980| had become convinced 
that computer practice activities could supplement classroom instruction to 
significantly improve the achievement of elementary school students in mathematics, 
reading and language arts. 

Low student achievement had been a issue in Calvert County since 1973 when 
county-by-county scores were published for the new statewide standardized 
testing program and Calvert County ranked 23rd or 24th of the 24 school systems 
irr Maryland. By 1979-60| the last year Iowa Tests of Basic Skills were used 
statewise, achievement scores in Calvert County had already risen substantially 
to at least the state average in third and fifth gradei as displayed in Table I. 



Table I 
Achievement Test Scores 
Iowa Test of Basic Skills (Grade Equivalent Form) 
Maryland and Calvert County 
1973-74 and 1979-80 



1973-74 

Maryland Average 
Calvert County 
Position in State 



Third Grade 
Read. Lang. Math. 
Comp. Total Total 

3.6 3.9 3.6 
3.0 3.4 3J 

23 23 23 



Fifth Grade 
Read. Lang. Math. 
Comp. Total Total 

5.3 5.5 5.5 

4.4 4.6 4.7 

23 24 24 



Seventh Grade 
Read. Lang. Math. 
Comp. Total Total 



6.9 


7.1 


7.2 


6.0 


5.7 


6.1 


23 


24 


24 



1979-80 

Maryland Average 3.9 

Calvert County 4.0 
Position in State 9 



5.6 
5.6 

15 



6J 
6.5 
6 



5.8 
5.8 
8 



7.0 
6.9 
17 



7.4 
7.4 

10 



7.4 
7.0 
19 



The improvement in test scores during the decade of the seventies> came at a 
time when the population of Calvert County and the public school enrollment were 
increasing. The growth has continued into the decade of the eighties, as 
displayed Table II. 
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Table II 

Populalior. and School Enrollment 
Calvert County 

Public School 
Population Enrollment 

1970 20,942 5,891 

1974 25,119 i^lll 

1978 31,678 7.722 

1982 36.600 7,781 

19B6 45,700 8. 

Calvert County had been a area where most families 
tobacco farming, other farming and fishing. Much of the popu at on increase 
rSJesSntS JSr^ons moving into the county who were employed in the county's 
businesses and retail trades or commuted to Washington-area government and 
businesses ano retail I raoM . ^iddle-class student population, there 

::;nnnc:: s n*thr=;."gi inullea'ual ability of Calvert County students 
« measured by the Cognitive Abilities Test administered during the [irst five 
!!-?.nf the statewide testing program. Calvert County's achievement scores to 
^ "as J a e a! rig i^ufred in third and fifth grade, at the same time 
Jhat average InJellectual ability increased somewt>at but still remained under 
the state average, as displayed in Tablt III. 

Table III 
Ability Test Scores 
Cognitive Abilities Test, Non Verbal 1971 (Standard Age Scores) 
Maryland and Calvert County 

1975-1974 1975-1976 1977-1978 

Calvert Calvert Calvert 

State County State County State County 

seventh Grade 101 91 103 95 104 105 

fl „r- imnortant factor related to the achievement score increase during 
the d "orThe^relenulrweJi'the efforts of Superintendent Ralph Wac.ter to 

- i«efrr..rHnn in CaUert County's elementary schools* Mr. wachter 
TmS a; z "d a^ g adJlg rogram Including the'development of a county-«ide 
^adtng curriculum'based on two te.tbook. - ""^^^J^JJJ J",:;; 'Elementary 
McMillan series. He concentrated resources on the first t^"% °; ' 
schSoi. developed remedial mathematics and reading programs wi h attention to 
Is!;;; ;eJed!l?ion, instituted more frequent to evaluat ons of teachers and 
administrators, and increased staff development activities. 
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Or. Eugene H* Karol became superintendent during the 1960-61 school ytf%r. 
He intensified the emphasis on county-wide reeding and mithrmstics curricula and 
added teacher-based instructional management systems in both areas. The 
Addison-Wesley mathematics series^ the Ginn reading series for below and 
on-grade students, ynd the Scott-foreaman reading series for above-grade 
students were chosen, in part for the record-keeping systems based on unit 
pretests and posttests that accompanied the textbooks. Chapter t students 
continued to receive additional instruction in reading and mathematics using the 
Handom House Hlls Reading and Mathematics program materials. Or. Karol also 
provided for careful monitoring of the teaching process through implementation 
of the Glatthorn Supervisory Model in 1983-64. 

Or. Karol looked to computer-assisted instruction as another means of 
improving student achievement. After an extensive study of available programs. 
Dr. Karol selected the Computer Curriculum Corporation's (CCC) integrated 
learning system noting that "We planned « looked around* asked questions and 
decided on CCC because it fit our curriculum and we saw phenomenal results in 
schools where it has been used.** 

Curriculum-fit attributes include CCC*s correlation with the textbooks in 
use countywide ss well as the California Achievement Tests (CAT), the standardized 
achievement test used in the statewide testing program since 1900-61. The 
California Achievement Test is administered to Maryland students in third, fifth 
and eighth grades and to all Calvert County students in every grade. Other 
attractive aspects of the CCC software include its initial testing and placement 
of each student in exercises within a sequence that matched the student's 
previous achievement, its provisions for teacher selection of either "mixed 
drill" or "fixed drill** options, and its progressively challenging exercises 
within a sequential curriculum. Also important is the provision for management 
reports for teachers on student and group progress. 

CCC equipment in Calvert County consists of two mini-computers or central 
processing units, student terminals, printers and the software. The central 
processing units were installed at Mt. Harmony and Mutual Elementary Schools. 
The unit at Mt. Harmony drives terminals at Mt . Harmony, Huntington and Beach 
Elementary Schools. The unit at Mutual drives terminals at Mutual, Calvert and 
Appeal Elementary Schools. The schools are connected to the central processing 
units by telephone lines and the software and all student records are stored in 
the central processing units. 

Each school has 28 or 29 terminals in its computer laboratory which is 
staffed with a computer laboratory aide* Since the advent of computer-assisted 
instruction five years ago, all students have gone into a computer laboratory 
daily. Tirst through fifth graders spend 10 minutes on mathematics activities 
and some third griders and all fourth and fifth graders spend an additional ten 
minutes on reading and language arts activities. An aspec^ of the Calvert 
County romputer-assisted instruction program is that each student spends time in 
computer practice activities daily. 
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CoiMutei l»boritory aides are in importent component of the computer-assisted 
instruction proqrw in Calvert County. The aides are responsible for the 
operation of thi computer equipment including registration of s udent. in the 
system, minor m.inten.nce activities. "^'""Jtance to student, at ^rk a 
computers, and generation of reports. It is estimated that about IB students 
use each itudent wrkatation daily. According to Assistant Superintendent of 
Schools Or. Eugene Uhlan, the computer laboratory aides "free the teachers to be 
professionals, not mechanics." 

Hardware was purchased outright, and maintenance fees, courseware rental 
and telecommunication charges are paid annually. The cost of computer hardware, 
software S telecommunicaiions for the six Calvert County elementary schools is 
displayed in Table IV. 

Table IV 

Computer-Assisted Instruction Costs for Hardware and Software 
in Calvert County Elementary Schools 

Tele- 
Courseware communication Total 
Rental Charges 

$58,325 $25,924 $ 744,355 

47,500 25,924 155,892 

42,093 25,924 152,032 

61,996 15,360 155,557 

69,600 15,360 161, B40 

$1,369,676 





Hardware 




School 


and 


Hardware 


Year 


InstallaMon 


Maintenance 


1983-84 


$381 1404 


$78,702 


1984-83 




82,468 


1983-86 




84,013 


1986-87 


4,040 


74,161 


1987-d8 




76,880 



The average annual equipment cost of the CCC system including hardware has been 
$1660 per work station and $93 per student, based on an "v""?* •""""i. "'^ 
291B in nridea one through five. The average annual coat including aides hsi been 
2 00 !2rk static" Ed $125 per student. A. hardware is amortized over a longer 
period, the annual per work station and per student costs will drop somewhat. 

About a year after the Calvert County computer-assisted instruction program was 
in place in the six ele«entsry schools, the program waa expended to serve 
middirschool special education and vocational education students. Esch sixth, 
s 'J h -nS tig!?!; student spend, ten minute, d.ily at . termin.l working 
on language .rt. .oftwre, «id .11 except .Igebr. student, spend un additional 
ten minute, dsily on msthemstic. .oftw.re. 

Two impressive mee.ur. of the .ffectivene.. of «=o«H>uter...aj.t.d instruction in 
Calvert County are available. 'h« flrat meaaure co^area th« California 
Achievement Teat score, in Calvert County of 1982-83, on. ye.r before the 
iSi SatloS of the pToqtm, with CAT .cor., in 19PS.1VB7, tht- ye.r. .fter 

jnSrlm in 01.C.? CAT scores for 1980-81 throu^ 1986-87 sre displsyed 
iX!Su uSli l; CM scores for 1982-83 and 1986-87 s. di.pl.yed in Tabl. V. 
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Table V 
Achievement Teat Scores 
Calirornia Achievement Test (Grade Equivalent Scores) 
Maryland and Calvert County 
1982-83 and 1986-67 

Third-Grade Tirth-Grade 





Reading 


Math 


Reading 


Hath 


Reading 


Math 




Comp. 


Total 


Comp. 


Total 


Comp« 


Total 


1982-83 














Calvert County 


3.6 


3.3 


6.0 


5.4 


8.9 


8.3 


Maryland Average 


3.5 


3.4 


5.7 


5.6 


9.3 


9.0 


Position in State 


8 


13 


8 


13 


13 


18 


1986-67 














Calvert County 


a.G 


a.o 


6.9 


6,7 


10.9 


10.0 


Maryland Average 


3.7 


3.5 


i 


6.0 


10.0 


9.8 


Position in State 


3 


1 


3 


2 


3 


3 



A statewide increase in average achievement test scores since the initiation 
of the statewide testing program in 1973-74 is apparent from both Table I and 
Table V, although the change in standardized tests makes comparisons over the 
entire 13-year program inexact. Publicizing county achievement test rcores has 
focused resources on the improvement of test scores throughout the state, 
presumably through attention to instruction for tested subject areas. 

During a period when average CAT scores in Maryland were increasing, 
Calvert County F^ores rose even more. In 1982-83 Calvert County reading scores 
for third and fifth graders were above the state average, but mathematics scores 
were still low, and both reading and mathematics scores for eighth graders were 
low. Pour years later all scores were well above the state average. The 
continuing improvement in third-grade reading scores can not be ascribed to 
computer practice because third graders were just beginning reading comprehension 
computer practice dt the time the California Achievement Tests was given. 
However, the marked improvement in the third-grade mathematics score to the 
highest score for a Maryland school system undoubted reflected the students* two 
years of daily experience with mathematics computer practice by the time they 
were tested as third graders. 

The 1986-67 fifth-grade reading comprehension scores reflected daily 
experience with reading comprehension CAI in fourth grade, and the eighth-grade 
reading comprehension scores reflected daily experience with reading comprehension 
CAl in fifth, &ixth and seventh grades. Both scores showed substantial improvement, 
and both scores ranked third in Maryland. 1987-87 fifth-grade mathematics 
scores reflected experience with mathematics CAI in second, third and fourth 
grades; this score ranked second in Maryland. The eighth-grade mathematics 
scores reflected experience with mathematics CA- in fifth, sixth, and seventh 
grades; this score ranked third in Maryland. 
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A aecond iitaturt of tht tfrtctiveneaa of the computer-aasiattd inat ruction 
prcgran in Calvtrt County mii MMittd in ■ atudy conducted by Dr. Gilbert R* 
Auetin, Director of the Center for Cdueeticnel Reiearch and DevelopiMnt^ 
Univereity of Maryland BaltiMre County. Auatin'a atudy compared the echievement 
teat acorea of atudents in the two yeara prior to the computer-a&aiated instruction 
progrM with their acorea in the flrat three yeara of to the progrwi. 

Auatin tracked two cohort groupa of students who were aecoi. or third graders 
1982^83 for Mhon five aeta of California Teat data were available through 
1986-87; initially both groupa had about ^30 studenta. Over the five-year 
period of the atudy, eech group loat about 200 of ita membera since atudenta for 
whdfi any yearly data waa miaaing were dropped from the study. For each student, 
the average of hie or her Standard Age Scorea for the two yeara Before CAI waa 
compared with the average Standard Age Score for the three years Since CAl. 
The results ore displayed in Table VI. 

Table VI 
Achievement Test Scores 
California AchievesNrnt Test (Total 8atterv Standard Age Scorea) 
Calvert County Public Sc^oola 
Before CAI, 1982-83 to 1983-84; Since CAl, 1984-85 to 1986-87 

Totel 
Cohort Group 

Cohort I 

Nmnber of Studenta 344 
Before CAI /Grades 3, 4 63.7 
Since CAI/Gradea 3, 6, 7 66.9 

Cohort II 

Number of Studenta 309 

Before CAI/Gredea 2, 3 39.3 

Since CAI/Gradea 4, 3, 6 66.8 



The Before CAI acorea for Cohort I with 344 studenta were an average of 
each student's third and fourth-grade CAI Standard Age Scorea (a percentile form 
of the scorea) and the Since CAI scores were an average of fifth, sixth snd 
seventh-grsde scorea. The Before CAI mean score on the Totsl Bsttery of the 
Cslifornis Achievement Test for Cohort I wss at the 64th percentile, while the 
Since CAI mean acore waa at the 67th percentile, a difference of three percentile 
pointa. The Reading Battery difference waa aeven pointa, the Language Battery 
difference was aix pointa and the Hathenatica Battery difference waa aeven 
pointa (not diaplayed). for the cohort'a subgroup of 89 black students, the 
Totsl Bsttery difference wss four points, from 56th to 60 percentile, for the 
subgroup of 31 Chspter I studenta, the Total Battery difference waa five pointa, 
from 43rd to 4Bth percentile. 



Black Chapter 1 

Studenta Students 

89 31 

55.8 43.1 

60.0 47.8 



79 63 
50.1 37.7 
57.7 50.7 
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The Before CAI scores for Cohort II with 309 students were an average of 
the second and third-grade scores while Since CAI scores were an averaqe of the 
fourth, fifth and sixth-grada scores* The Before CAI mem score on the Total 
Battery was at the 39th percentilei while the Since CAI mean score was at the 
67th percentile, a difference of eight percentile points* The Reading Battery 
difference was six points, the language Battery difference was six points and 
the Mathematics Battery difference was seven points (not displayed), for a 
subgroup of 79 black students, the Total Battery difference was eight points, 
from 30 to 5Bth percentile* Tor the subgroup of 63 Chapter I students, the 
Total Battery difference was 13 points, from 37th to 30th percentile. 

Of particular interest is the performance of the tenth and twenty-fifth 
percentile Calvert County students of both cohorts. Both the initial relatively 
high level of the lower percentile students and the improvement attributable to 
computer practice is evident, as displayed in Table VII. 

Table VII 
California Achievement Test 
Total Battery National Percentile Equivalents 
for Students of Selected Calvert County Percentile Rankings 
Before CAI, 1982-83 to 1983-8^; Since CAI, 198a-83 to 1986-87 

Tenth Twenty-fifth Seventy-fifth Ninetieth 
Percentile Percentile Percentile Percentile 



Cohort I - All students 

Before CAI/Crades 3, U 31 75 90 

Since CAI/Crades 3, 6, 7 a6 33 81 92 

Cohort I - Black Students 

Before CAI/Crades 3, U 39 46 62 80 

Since CAI/Crades 3, 6, 7 Ul 48 69 81 

Cohort I - Chapter I Students 

Before CAI/Crades 3, U 31 40 47 30 

After CAI/Crades 3, 6, 7 38 42 32 54 

Cohort 11 - AH students 

Before CAI/Crades 2, 3 36 43 74 . 83 

Since CAI/Crades 4, 3, 6 44 52 81 93 

Cohort II - Black Students 

Before CAI/Crsiiea 2, 3 32 37 59 76 

Since CAI/CraJes 4, 3, 6 39 48 67 80 

Johort II - Chapter I Hudents 

Before CAI/Crades 2, 3 24 33 42 49 

Since CAI/Crades 4, 3, 6 40 4^i 56 63 
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Tht KCiJfMlithiiimta of CiK»rt County Public Schoola in railing atudent 
•chievMMnt •• Mtiurtd by ■tandtrdizerl ttat acorea and in Atintaining tht 
incrcMt over th« iUvn ytara of tNi coi»put«r-»Miittd inatruction progrM 
reviewed in thie docuaent ere noteble. Suateined reaulte of thie megnitude c 
be ettributed to atrong achool tyetew leederihip, cloee auperviaion of the 
teeching proceae in laethewetice end reeding, end deily aupplementetion of 
cleaarooii inetruction with computer practice ect:vitiee. 



107 



104 



Appendix Table I 
Achievement Teat Scores 
California Achievetnent Teat (Grade Lquivalent Form) 
Maryland and Calvert County 
1980-81 through 198f-87 



Third Grade 
Read. Lang. Math* 
Comp. Total Total 



rifth Grade 
Read* Lang. Math. 
Comp. Total Total 



Eighth Grade 
Read. Lang. Math. 
Comp. Total Total 



1980 C 

Maryland Average 
Calvert County 
Position in State 

1981- 82 

Maryland Average 
Calvert County 
Position in State 

1982- 83 

Maryland Average 
Calvert County 
Position in State 

1983- 84 

Maryland Average 
Calvert County 
Position in State 

1984- 85 

Maryland Average 
Calvert County 
Position in State 



"5 n 


3 3 


3.3 


5.5 


6.0 


5.3 


8.6 


8.6 


8.6 


3.5 


3.6 


3.3 


6.0 


6.5 


5.6 


8.1 


8.5 


8.1 


9 


9 


8 


6 


8 


B 


20 


15 


18 


3.4 


3.6 


3.3 


5.8 


6.6 


5.5 


9.3 


9.2 


9.0 


3.6 


3.6 


3.3 


5.9 


6.5 


5.4 


8.9 


9.4 


8,3 


6 


11 


9 


11 


9 


13 


11 


9 


16 


3.5 


3.7 


3.4 


5.7 


6.6 


5.6 


9.3 


9.2 


9.0 


3.6 


3.6 


3.3 


6.0 


6.6 


5.4 


8.9 


9.4 


8.3 


8 


14 


13 


8 


10 


13 


13 


10 


18 


3.5 


3.7 


3.4 


5.9 


6.7 


5.7 


9.7 


9,7 


9.2 


3.7 


4.2 


3.6 


6.6 


7.9 


6.4 


10.0 


10.5 


9.0 


B 


4 


3 


3 


3 


4 


5 


3 


9 


3.6 


3.3 


3.5 


6.0 


7.0 


5.9 


9.8 


9.8 


9.3 


3.8 


4.3 


3.9 


6.9 


8.2 


6.7 


10.0 


10.6 


9.1 


7 


3 


2 


3 


3 


2 


7 


4 


9 



1983-86 

Maryland Average 
'alvert County 
Position in State 

1986-87 

Maryland Average 
Calvert County 
Position in State 



3.6 


3.8 


3.5 


6.1 


7.1 


5.9 


?,B 


10.0 


4.0 


4.4 


3.9 


6.6 


8.1 


6.6 


10.3 


10.7 


3 


4 


2 


4 


3 


3 


4 


3 


3.7 


3.8 


>.5 


6.1 


l.i 


6.0 


10.0 


10. 2 


4.0 


4.5 


4.0 


6.9 


8.4 


6.7 


10.9 


11.8 


3 


3 


1 


3 


3 


2 


J 


1 



9.5 
9.2 

11 



9.8 
10.0 
3 
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Calvert County 

Total Math* 

200 




Normal Curve Equivalent 



Total number of sJudenis in me population equals 344, 
•Cal. Ach.TeslFonnC, 1978 

ERIC 



200 



175 



150 

1 125 

^ 100 
o 

Q> 

i 75 

Z 

50 
25 



Calvert County 

Total Language* 



Pre-computer 
Post-computer — — — 




10 



20 



30 



40 50 60 
Normal Curve Equivalent 



Total nuirtjer of students m tho population equals 344. Ill) 
'Cal. Act). Test Form C. 1978 



Calvert County 

Total Reading* 



PnhoompulAr — — 



PoM-oompulw — 

liMtMM4lBlMM7 



10 20 30 40 50 60 

Normal Curve Equivalent 



70 



ToM nuntMr«( sludtnls In ttw poputailon equals 344. 
*CaL Act). TeMFonnC, 1978 
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Calvert County 

Total Math* 
Chapter 1 Students 



Pre-computer — • 

D(M QMhMWt n tMt-«2 10 1962-63 

Post-computer — 




40 50 60 
Normal Curve Equivalent 



Total nucrtier ol sludenis in Ihe populalton equals 31 . 
•Cal. Ach.Tesi Form C, 1978 



Calvert County 

Total Language* 
Chapter 1 Students 
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40 50 60 
Normal Curve Equivalent 
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Total number ol students in ttie population equals 31 . 
•Cal. Acti, Test Form C. 1978 
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Calvert County 

Total Reading* 
Chapter 1 Students 



Pre-computer 

Dm QMlMNd « IMI-«2 U IM2-«3 




Post-computer — — 



10 



20 



30 



40 50 60 
Nomal Curve Equivalent 



70 



80 



ToM ranttar o< itudMilt iri th« populat' jn equals 31 . 
*C«L Ach. UU fxm C. 1978 
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Mr. SwETT. Thank you very much, Dr. Fortune. . , . . 
We will now proceed with Mr. Albert Shanker, President cf the 
American Federation of Teachers, who is gomg to present the 

teachers viewpoint. , , , - ^, -a.*. ^ t'««. 

Mr Shanker. Mr. Chairman, Members of the committee, 1 ye 
submitted written testimony and I'll use these few mmutes to 
make several points. , , , c 

I think that the-if we look at the results that we re gettmg from 
our educational system, just a little bit of analysis, will lead us to 
the conclusion that-that the fact that we have a growing avail- 
ability of technology is important and, indeed, it s absolutely neces- 
sary to change the results that we're getting. 

Il-we're fortunate to hr.ve People like David Kearns-^^ agree 
with everything he said except one thing; I'll start with that. As he 
said, we're providing a good education for the top halt. 

I wish that were so. But if you look at last week's math results, 
for instance, and you look at the percentage of 17-year-old young- 
sters who reach the 350 level in mathematics, those are the only 
ones who are really capable of going on, ready to do college level 
math as they graduate high school. i. ocn *• 

Five percent of the public school graduates reach 350, four per- 
cent of the Catholic schools and 4 percent of the other private 
schools. So basically, public. Catholic, private all producing about 
the same percentage-four or five percent of the youngsters who 

""^ow eMentially this means that-that the ^^e^whf ming ma^^^^^^ 
ty of our kids who go ca to college are mathematically ill'^^rate. It 
means that, for instance, Germany, which sends 30 Percent-in 
Germany, you can't get, no one can get into a college or university 
without passing the arbiter in mathematics, which "J^ans that 
you've got 30 percent of the youngsters who reach a ^vel that is 
^ual to or hilher than our top five ^percent. Well, so it s not the 
top half that we're doing well with, it's maybe about a top three or 

And while we are spending more— a greater percentage of our 
GNP on education, the higher education that we re spending it o^^^ 
we're really basically buying a junior high school and high school 
education for huge numbers of kids and calhng it a college educa- 
tion. A very ineffective way. , „ . 

Now, it seems to me that the rationale for increasing ^se of tech- 
nolotfv is-is very simple. We know that large numbers ot young- 
ste^can't sit still all Say long; and those who can't are generally 
viewed as being handicapped in some way and are given a very 

*° li^geTumbers of kids cannot learn in the one way that they're 
compelled to learn, namely, listening to somebody talk al day long^ 
And those who can listen to someone talk can't necessarily receive 

rsoL'^whVI^e bored to death in that class and some 
who are for whom the teacher is going so 9^icl^y t^a^they can ^ 
get it. So you've got a standardized conformmg sort of thing where 

a lot of kids drop by the wayside. „orr,«lv in 

And then vou've got other problems the kids have, namely, in 
ord^r to be sJccei^^^^^ a kid has to survive in a class where penodi- 



ERIC 



112 



cally the youngster is called, and if they can't answer the question 
they have to survive that public humiliation in front of all their 
peers. 

And kids also know in September that the final report doesn't 
come until the following June, so you have to have kids who've got 
the— the ability to know that what they do on September 4th is im- 
portant, September 5th, and September 6th, and September 7th. 

Most adults, if you told them they had to do something today be- 
cause something is due next June — so what I'm saying essentially 
is that the consequences of one's behavior are so delayed that it's 
not surprising that a large number of youngsters fall back. 

Add to this one other item, and that is that that five percent 
that I gave you on mathematics is also true in reading, it's also 
true in writing, it's also true in science, and it's also true in social 
studies, which essentially mepns that if only five percent of our 
youngsters are leaving high school to enter college, there's no way 
that 23 percent of the college graduates who have to become teach- 
ers are going to be adequate teachers. 

Now, all this, it seems to me, argues for some sort of a system 
which enables kids to learn in the time that it takes them to learn; 
to provide alternatives through the talk of one individual, namely, 
the teacher in school; to provide greater privacy, which takes you 
away from the humiliation so that if you don't make it and fail, 
nobody else is watching you or seeing use of it. You're not discour- 
aged. 

And not as a replacement for teachers, but if you don't have — 
essentially what these figures show is that if we put a teacher in 
each of 2.5 million classrooms, we're bound to bave huge numbers 
of people who should not be teachers locked in those classrooms 
with kids. 

And— and in any other field of work, if you could not find an 
adequate supply of people who are competent to do the job, you 
would look for other ways to do it, and you would look at least for 
some technology component in doing that. 

Now what— I— I would just like to address the question of— of 
why we're not using more of it, and Vd also like to address the 
question of why, when we use it, we generally use it in very inef- 
fective ways. 

I think that the issue that we've got here is the fact that essen- 
tially we do not have a system of incentives built into our school 
system for success, nor a system of negative incentives or punish- 
ments for failure. 

I don't think you'd see technology used in business today if there 
vvere not consequences for not using it. I mean, it's used because 
firms have to use it, and if they don^ use they'll be out of business 
because somebody else is, and it's going to do things more efficient- 
ly, and do it better; whereas, we don't have that system in educa- 
tion. 

Now that's true for both the adults and for the youngsters. You 
can have all the technology in the world and not many more kids 
are goirit^ to learn math if you can get into college in the United 
States without knowing any. 

How— what would happen to our system if we told all the people 
who work for a living in this country that they would be paid and 
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get all the perks of the job if they didn't show for work-that show- 
ine UD for work became voluntary? 

Wen, essentially, that's what we tell kids when we say Jha^^^^^^^ 
can get what you want to get, namely, enter mto cohege, even if 
you can't read, you can't write, and you can t do mathematics 

So^entially, the tech-we first need a system of incentives, 
bo?S foTthe adilts in the system and for the youngsters^ And if 
you have a system of incentives, then you can trust the people 
^^thin the system to find efficient ways for reaching the goals that 
Jhey want to reach. And that's why I would favor the notion that 
we not mandate or legislate specific use of technology. 

I think that if there were rewards and punishments for doing 
th naT right, that people would be out there eagerly trying to 
out what technologies they need; they , would be trying it 
hey would be testing it; and they would be doing something that s 
more important, and that is constantly trying to make it work 

^^Shnolo^'^s not something you just plug in and it does it for 
you You've got to have it work for you and the incentive systems 
are essentially the-the thing that would make the whole thing 
work. 

Thank you. . r n ^ 

[The prepared statement of Mr. Shanker follows:] 
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TESTIMONY OF ALBERT SHANKER 
PRESIDENT, AMERICAN FEDERATION OF TEACHERS 
BEFORE THE COMMITTEE ON SCIENCE, SPACE AND TECHNOLOGY'S 
SUBCOMMITTEE ON TECHNOLOGY AND COMPETITIVENESS 
JUNE 18, 1991 
U.S. HOUSE OF REPRESENTATIVES 

On behalf of the 750, OOO-nembers of the American Federation 
of Teachers/AFL-CIO, I would like to thank Chairman Valentine and 
members of the committee for the opportunity to appear here today 
and talk about the role technology can play in our efforts to 
improve public education in this country. 

We don*t have to look hard to see the impact technology can 
have. In business, there has never been an increase in 
productivity in this country without a change in technology. 
Telephones. FAX machines. Computers. All have revolutionized the 
way we do business by increasing the productivity of workers by 
allowing them to work differently and nore efficiently. 

But there is one thing we can learn from the spread of 
technology in other fields; it only works when people recognize 
the need for it and use it to operate differently from the way 
they have in the past. There have been studies done of the work 
of bank tellers and claims adjusters that demonstrate how their 
job responsibilities and capacities have changed and expanded 
because of technology. 

Things are no different in our schools. Technology can help 
us change the structure of schools and give us new resources to 
approach teaching and learning. Technology can help teachers set 
up classrooms where individualized and small-group learning can 
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predominate. Technology can help teachers communicate with each 
other. And technology can help us meet the current shortage of 
math and science teachers. 

Before addressing the potential technology has in these 
areas, a warning is needed. Although technology can and should be 
integrated into our overall efforts to improve public education, 
we need to be aware of some dangers. Unless we employ technology 
in new ways, it will just be used to do the same stuff we know 
doesn't work. For example, naking students sit still and watch a 
video of a lesson is no better than having them sit still and 
listen to a teacher (it may be worse). And having them fill in 
the blanks in a computer exercise is no better than having them 
fill in the blanks on a worksheet. We need to use the machinery 
to do new things, to restructure the classroom to best meet 
students' needs. If we don't take these steps, technology will 
have a minimal impact on our students' performances. 

Keeping that caution in mind, let's look at how technology 
can help. The open classroom of the 1970s failed because 
teachers did not have the resources to maintain a classroom where 
kids learn in small groups and where every child needed to come 
up with enough activities to keep each student engaged and out of 
trouble . 

But now, with the new technology that is available, it is 
going to be possible for teachers to customize education for 
different students and groups of students. Teachers will no 
longer have to deliver all the content of a course through 
traditional lessons because they'll now have thousands of video 
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and audio tapes, simulation games, models and computer programs 
that will allow students* lessons to be tailored to their needs. 
Kids can watch them individually or in small groups. They can 
even take tapes home. Technology makes it possible to offer kids 
the materials they need in the forms that are appropriate for 
their needs. 

Let^s take a history class. Instead of lecturing about 
Grant's role in the Civil War, the teacher might suggest that 
Johnny watch the recent PBS documentary on videotape, replaying 
the parts he didn't get. Kt the same time, Mary, who connect? 
better with the printed word, could work with a data-base to 
track down articles that supplement class discussions. Another 
student, Carlos, who has a hard time understanding Grant's battle 
strategies, could be helped to visualize the battles by action 
maps the teacher called up on the computer. So far, the problem 
with much of the educational technology that has been introduced 
into schrols is that we haven't used it to do anything different. 

Technology can also be used to help us meet the teaching 
shortage, particularly in the areas of math and science. Right 
now, we don't have enough teachers who can successfully teach 
math and science. Retraining and recruiting teachers will take 
time and cost money; there are no shortcuts and we aren't about 
to get new, qualified teachers because th^re are not very many in 
the pipeline. But between now and the time we get them, 
technology can help. 

Teachers can be supported in their efforts to upgrade their 
students' achievements in mathematics and other fields by 
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allowing them to incorporate challenging software programs, 
interdisciplinary multimedia programs, interactive distance 
learning and other similar activities into their everyday 
experience. 

Technology gives us the tools to allow students to learn at 
their own rates and in their own ways-tools that free up 
teachers so they can teach in new ways. This time, let's take 
mathematics and science classes using a wonderful program 
developed by Bank Street College in New York called the "Voyage 
of the Mimi." It is a 13-part television drama portraying a 
group of young scientists they study the habits of whales off 
the New England coast. Different computer modules are attached 
to each of the episode:: allowing the children not only to 
simulate the experience of the scientists, but actually to do 
science and math activities such as measuring U^ht, sound and 
temperature readings. Using computers in this way goes far 
beyond the confines of traditional graph paper and thermometers, 
organizing the complex and varied, materials this series offers is 
the responsibility of the teacher, but much of the richness of 
the program is really due to the technology. 

Technology can also help teachers keep on top of all the new 
information that's ou- there. There are so many technological 
alternatives out there, it's often hard to tell what's junk and 
What's valuable. Right now, almost every field has a national 
data base. Why not create one for teachers? Such a data base 
could list the materials and the technology available to help 
kids learn about the Civil War or about mathematics. And besides 
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videotapes and computer programs, the data base could also list 
charts, chapters of books, games and mo<'lels that could be made by 
teachers or students. The materials would be verified by brief 
reviews from peer->review panels of outstanding teachers in each 



If the technology is to be adopted it must meet a need. In 
jjuainess, this might mean beconlnn more productive In such a way 
that market share and profits eventually increase* In sc.ools, 
it must mean that we see improvement in student outcomes. But if 
no consequences result from not achieving improved outcomes, 
using technology effectively will never be a high priority, miy 
spend money and time trying to incorporate technology if there 
are no rewards for success. We need incentives in schools just 
as we need incentives in business. Without them, outcomes and 
goals will r^aiain abrtractions* 

Clearly, using techn logy in this way goes beyond 
substituting a videotape tor the teacher. It requires the 
teacher and thi; technology to be related. As valuable as 
technology can be, it won^t make a difference unless we offer 
teachers and other professionals who work in our schools 
opportunities to use it in new ways. We will nead to demonstrate 
that changing the practices and routines that have been part of 
their professional lives for years will be an important part of 
improving their students' performance. 

To do this^ Z propose that an incentive program be 
established to encourage improvement in tlid public education 
system. We should establish a voluntary, nationwide, multi->year 
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coBpetition open to every public school in the United States. 
The winners could be the 10 percent of participating schools that 
achieved the greatest improvement over the tine of the 
competition, which might be five years. The prize would be the 
money-generated by a national trust fund-to be divided among 
the staff members of the winning schools. If every school in the 
country volunteered to compete we should invest enough money so 
that the winners would receive about $16,000 for each staff 
member in the winning schools. That's real money, and, since one 
in 10 schools would win. that's a real incentive to participate. 

The object of such a plan is not to reward schools that are 
already on top, but to reward improvement. A school whose 
students start at the bottom and bring their achievement levels 
up could win. While a school at the top-whose students have 
ususally performed well-would not it they haven't demonstrated 
improvement. If we provide each and every public school 
participating in this Incentive School Plan the computers, 
software, videodiscs and tapes they need during such a 
competition, and free participating schools to develop new ideas 
and try new practices, imagine how technology could be used. The 
examples I illustrated earlier are just the tip of the iceberg. 
The Saturn school that President Bush points to so proudly (which 
was developed in large part through the effort and support of the 
St. Paul Federation of Teachers) could be just one of a hundred 
schools to use technology in new and innovative ways. 

This incentive proposal is just a beginning. There are 
other ways to motivate people to incorporate technology that 
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Mr SwFTT Thank you very much, Mr. Shanker. 

At tSe I understand t^^^ Congressman Ritter would hke^^ 
make a brief-^a few brief remarks regardmg one of his constitu- 
ents on the panel. 

Mr RiTTER Thanks. Mr. Chairman. _ . _ 

rm Ke posftion'of having a very important meeting comiijg 
right up and thought we might have gotten through to date, but to 

'"ke'?oTn\rX"e'Dr. Leroy Tuscher, who holds a joint ap- 
Dointment ^ a professor in both the Department of Leadership In- 
STon a^d Technology in the Department of Computer Science 
in Electrical Engineering at Lehigh University. Technoloev 

He also serves as the Director of the Educational i«9'^"°i55^ 
Center He has been actively involved -PP HL^lS^^^^^^^ 
technology in the design and development with J"^j!®^7f! 
WoTSronment for Teaching and Learning, and has directed 
_o^^^^^^^^^^ projects involving interactive muUi^^^^ 
iniT technologies ; and he's currently managing projects to design 
Lnd const?a^^^^^ classroom that can he used to pro- 

vide instructional programs to corporations and schools. 

Th^^ L part and pircel of a very extensive business education 
oartnership that's occurring in the Lehigh Valley, and David 

Yearns m^^^^^^^ it-Donnllly. ^ l^l^^f'r^^^ l^'^t^^ 
involved in this, and to some extent, Lehigh University is-ana our 

and prior to his current position he has. taught high school math 
and been employed as a high school prmcipal. , ^ 

May I ask, Mr. Chairman, unanimous consent, perhaps, that ur. 
Tuscher could testify— 

Mr. SwETT. I was going to allow him to follow— 

Mr RiTTER. That's great, thank you. , , , a «,;fu 

Mr. SwETT. Such a glowing introduction, we should proceed with 

^^Mr° rS^er. Thanks, Mr. Chairman, I really appreciate that. 
Mr SwETT. Please, the microphone is yours. 

Jf-J Si^urX'rt/-»rbefore this distinguished 

^^rl'^^^^^Z^^il^ as interactive ^d» d^^^^ 
noloBies I'm going to take somewhat of a circuitous route to the 
dSon 0^ t&hnology because I b^l^e.^^^^L^^^^^^^ 
elements that need to be discussed relative to that technology. 

Mr F^^^^^ Excuse me, Dr. Tuscher. ^^Id ^ou^ p^e^ 
microphone towards you and speak a couple of inches from it. 
Dr. Tuscher. I'm sorry, is that better? imnrovine a 

Perhaps history has a lesson to be learned about imp^^^ 
learning productivity in schools. "Analysis of the Factors Related 
to Tmnroved Pr(^^^^ in the Workplace," by Peter Drucker, 

in the workplace as our society moved from an agrarian to an m 

'^'l^TrLtors were: heavy capil^ investment; improved 
management techniques, and technology itselt. 
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They make me—make an analogy between that transition period 
and the period of transition—we're talking about in terms of learn- 
ing productivity; certainly are going to need some heavy capital in- 
vestment to break the mold, as discussed by Mr. Kearns and Dr. 
Massey. 

That investment will be not in the so-called "dumb machines"— 
the mechanical machines— they will be in the smart machines. 

We'll need to see improved management techniques based on 
production output, as on outcome based learning systems which 
will drive that learning productivity. 

As respects the technology indicated, they v/ill move from the 
mechanical to the electronic. Of course, the mechanical empowered 
us physically; the electronic technologies, we will hope, empower 
the intellect. 

Perhaps maybe the new American schools, network of pilot 
schools, discussed today and originally announced by President 
Bush, will provide the capital incentive necessary for restructuring 
American schools for productive learning. 

Secondly, improving the learning productivity will require im- 
proved management techniques in guiding the teaching learning 
process. 

For example, if for purposes of discussion here today, we de- 
scribed the teaching act as consisting of performance of three pri- 
mary functions, that is, delivery, that is the classroom presenta- 
tion; management, that is managing the mix of learning resources 
and; thirdly, production, that is delivery management and produc- 
tion. 

Studies by Glaser and Goodlad have confirmed that the time dis- 
tribution among these three functions is pretty much constant. But 
the greatest percentage of time, perhaps, 70 percent or more devot- 
ed to that function of delivering instruction and is primarily that 
didatic mode, that is, the teacher talk. 

This distribution of time in the classroom, as I said, is essentially 
constant from classroom to classroom, school to school, and district 
to district, across the United States. 

Essentially it leaves very few degrees of freedom for improving 
learning productivity. What is needed is some experimentation 
with the redistribution of teacher time in the teaching learning 
process directed toward outcome based instruction. 

The technology, the third component. The technologies offering 
the greatest potential for improved learning productivity are both 
product and process. Product, in terms of communications technolo- 
gy and information processing technologies. Process having to do 
with the educational technologies, the mixing of the resources from 
proving learning outcomes. 

The communication technologies , as stated earlier many times 
today, provide the pathways to knowledge, the electronic highways 
for accessing information. The means provides — the means for the 
digital transmission— and I emphasize digital because that is an 
important component of my concluding remarks— as the means for 
the digital transmission of all media formats, that is in text, graph- 
ics, animation, still photos, sound, music, and most recentlv, 
motion video; while information processing technologies provide 
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the means by which the intellect perceives and processes that in- 

formation along the network. .^u^^i^moc T^p successful 

Resnectine the educational process technologies. Ihe successiui 
inters of interactive digitS technologies in the school practice 
ian Ktekied by focusing attention on those variables most close- 
frrelltS to learning outcomes; that has to do with curriculum, in- 
struction and evaluation and assessment. . . j i.u« 

Srrkilum of course, is what is taught-content and the out- 
comS iStL ?8 how it is taught, that is the input mix of edu- 
cSa resources and, of course, evaluation ^nd 
is to what degree as the resource mix accomplished the intended 

%*STrms of the schools' curriculum-schools curriculum needs to 
be exoSSd^ to deliberately enhance cognitive skills associated 
vdtrSIng and decoding of picture data, current educational 
^stem^ em^^^^^ cognitive skilled development for encoding 
S^d d^idine t^^^ and verbal data, that is, reading and writing, pri- 
mariir& d^S^^^^^ ^"^'^t^ developing the intellect m our 
'tAti^^t^^^^^^ a two^imensional.symbolW cur^ 
riculum to afourKiimensional multisensory curriculum^ t^^A^tZl 
nSd to not only develop a verbal literacy but we need to develop 
^ai liJS-acy s^^^ as well if we are going to educate the whole 

^'^'D^ Massey spoke about the importance of scientific visualh^Uon 
in thif^Tgards The schools' curriculum needs to compete with 

Nintendo and Blockbuster. ;„ mv Pvoe- 

ATfar as instruction, school teachers have expressed, my expe- 
rience strong support for student learning experiences with the aid 
of ??teractivi v2S and motion picture educational resources^ 
sU wThave^Tthe development of interactive video d^^^^ 
learning systems, htnce, video disc is essentially a medium for stor 

^'^^Th^lihS^'^^^^^^^^ are being developed in 

two tenlte One is a maturing format, one is an fmergngfonnat 
MatS fcimat is that area which is commonly referred to as 
i^Se™ disc instruction In this onnat, date ^cipally 
stored in what is called "analog format, that is, like IV . 

Second, the materials are interactive in nature, thaUs into^ 
tionflows both ways in the learning activity, from student to com 
puter 3 f?om Jeo disc and computer to the bearn^^^^^^ 

1= rrcMs^j rr^^pi^^S^^^ 

""'T^flearniTSS^ concepts and principles. But this is in^ 

«uffiSent bSause in most of these systems, students do not have 
?hf oSS^rtSr^^^ things that are most natural in their 
lelrSpS; that is to design, develop, <^reate and produce^ a^^^^ 
to IvaTuate the production of their experiences-that th« is where 
the^ond emerging technology can play a very important role^ 
Sid Ss wStt fhlve labele? as the interactive digival multime- 
dia instructional— 
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Mr. SwETT. Excuse me, Dr. Tuscher. We are in the midst of a 
vote on the journal, and with great apologies I would like to ask if 
you could refrain from the next paragraph until we are able to re- 
convene after making our votes. 

At this point in time, I would like to recess this subcommittee so 
that the Members can vote, and we will reconvene in five to ten 
minutes. Thank you. 

[Recess.] 

Mr. Valentine, [presiding] All right, Dr. Tuscher, we'll try to get 
started again. If you would help us, and we would greatly appreci- 
ate it if you could summarize the remainder of your statement— we 
have other witnesses and we don't want to cut anybody short, but 
we would appreciate that very much. 

Dr. Tuscher. Thank you, Mr. Chairman. 

In summary, I've discussed two technologies which I believe have 
demonstrated the potential for improving learning productivity. 

One, which we passed over very quickly, had integrated learning 
systems which are — will be demonstrated here today. They provide 
a model for outcome-based instruction with a management focus 
that requires a total change, or I should say a role change — not a 
total change — for teachers. 

It has been said by a fourth grade teacher of experiencing with 
this system in the State of Washington, teaching fourth grade, 
says, I've moved from being the sage on the stage to the guide on 
the sign. 

The second technology talked about was the interactive digital 
multimedia . Th^ considers new design features to enhance learn- 
ing capability of the whole intellect. 

These changes, in eiiaence, will require, (1) capital investment in 
the smart machines; (2) extensive teacher training in managing 
outcome-based learning and; (3) smarter software, the development 
of digitally enhanced technology-based learning environments. 

Thank you very much, Mr. Chairman, that concludes my summa- 
ry- 

[The prepared statement of Dr. Tuscher follows:] 
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Introduction 

During the last two decades new generations of information technology have 
transfoimed many of society's institutions by influencing new structures, functions, and 
roles. Within schools however, information technologies have had limited impact on the 
administrative inftastructurc, school organization, teaching functions and roles, and 
learning productivity. 

Advocates of school reform have articulated a host of challenging problems facing 
American education and have trumpeted a call for a "restructured" educational system to 
meet society's changing expectations of school outcomes and student perfonnance 
(Brannson, 1987; Keams and Doyle, 1988; Shanker, 1990, Conlcy, 1991; and others). A 
recent analysis of the factors related to school restructuring identifies the economic, social- 
poUtical, and technological forces that are generating an increasingly wide gap between the 
emerging stmctures of society and the organization and goals of schools (Conley, 1991). 
The study identifies two major technological forces that have implications for the 
integration of technology into the schools' curriculum and instructional processes. They 
are 1) the changing structure and accessibUity of knowledge and 2) the way information is 
being portrayed. 

A variety of communication technologies such as the optical disk (CD-ROM and 
videodisc), cable TV, and satellite technologies are changing the ways in which the learner 
can interact with information and knowledge domains beyond the school and classroom. 
Changes in the way the learner interacts with information will also change as the 
communication technologies rapidly move toward a world in which most information and 
entertainment will be prepared and delivered in digital form. Text and sound resources are 
all nearly digital in form already. Graphic creations and illustrations, still images and three- 
dimensional graphics have proceeded in the same direction. And digital video will become 
standard on the microcomputer desktop in the not too distant future. Digital computer 
imaging opens up the power to communicate information efficientiy and effectively in ways 
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unattainable before. Graphic productions, xientific visualizations, integration of real and 
surreaUstic images, digital animations, and entire computer-generated microworlds are ihc 
new tools available for designing and developing motivating interactive learning 
environments. However, school curricula arc stiU being designed with yesterday's 
technology. 

Conley (1991) writin, . on the changing nature of information representation from 
two-dimensional symbol based to four-dimensional sensory based and schools states: 

The public schools persist in treating visual data as a distraction 
from the basic learning process, which is entirely symbol based and 
almost devoid of graphical information except in the form of an 
occasional supplement to "break the boredom" of the tradiQonal lesson. 

He further observes that: 

TTie use of multimedia representations of information is not limited 
to the arenas of science and engineering. All aspects of the work world 
are seeing its emergence, from marketing to city P»«^^gj:j«^^'f^;";3, 
to accounting, it is almost a certainty that graduates of today s schools 
wiU be interpreting information in technology-based systems that 
employ sound, motion, color, and interactivity. 

While some schools have incrementally increased their expenditures for computer, 
video, and communication technologies during the past decade, many schools do not have 
the resources for establishing electronic communication networks capable of distributing 
data for instructional programming on site with local area networics. or with voice and 
video between remote locations via fiber optics or satelUtc technology. Universal access to 
these capabilities would provide the potential for eliminating the inequity of educational 
access created by the boundedncss of time and distance as impediments to learning. As 
significant and profound as these electronic technologies are. however, they are only a pan 
of the foundation of a developing digital communications learning network and indicators 
of the revolution that we can anticipate in the appUcation of educational technologies to the 

functions of teaching, learning, administration, and the evaluation of educationally ennchcd 

learning environments in the coming decades. 

n,c successful integration of digital technology into school practice requires a sense 

of the educational potential of the emerging digital technologies and a vision of how the 

schools' curriculum, instructional processes, and learning productivity can be enhanced 

with the utilization of these technologies (Conley. 1991). 



2 



131 



128 



Integrating Digital Interactive Multimedia Technologies Into School Practice 
Projecting a vision for integrating technology into the school culture requires a sense 
of where technology is moving in general and which specific educational technologies might 
foUow. In this rcgaid the foUowing themes are consistent with what many in the field of 
communications technology believe to be the backbone of current and projected funircs for 
educational technology in in schools: 1) a digiud communications infrastructure that permits 
access to and the dispersion of knowledge in multiple media modes ( voice, data, graphics, 
animation, ind video); 2) an interactive multimedia learning environment that places greater 
control of the learning experience on the learner. 3) a teaching and learning environment 
capable of transcending traditional boundaries for dcUvering and receiving instruction (fiber 
optic and digital satcUite electronic highways) ; and 4) teaching and learning enviroiunents f 
or interconncctivity and coUaborative productivity. 

WhUe there exists a scarcity of research that speaks dirtcUy to the elementary and 
secondary schools' use of interactive multimedia technology for teaching and learning, 
studies have been conducted with a variety of different student populations using a range of 
the different media available for education (McNeU and Nelson. 1991). This research has 
provided many insights into the potential and practical effects of these technologies in 
education. The conclusions about the educational impact of these technologies on 
elementary and secondary education whUe most promising must be seen as tentative. 
Without additional. weU-directed research, there is only limited experimental confirmation 
and statistical support for many instructional claims. 

Nevertheless, three desirable educational outcomes seem to be clearly supported by 
the research evidence available to dale. First, achievement on cognitive instruction using 
multimedia technology is as good or better than that provided by traditional instruction. 
Second, the use of multimedia for cognitive and skiUs instruction is an efficient method of 
teaching. Improvements in efficiency range from twenty to over forty percent, suggesting 
significant improvements in learning productivity avaUable from multimedia technology. 
Third, student attitudes towards learning and towards using technology are improved 
following experience with interactive multimedia learning opportunities. 

There arc other incidental advantages of interactive multimedia instruction reported 
in die research Uterature. These include: the use of the technology provides additional time 
for individual instruction and follow-up; student production efforts enhance independence, 
self-concept and motivation; and the interactive nanire of the experience appears to enhance 
retention. The use of advanced multimedia technologies in instruction also provides a 
platform for enhancing student visual and technological literacy. 
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Changes in both the phUosophicil approoch to teaching of the content domains and 
in the technology available to enhance the educational process have always required some 
cvolutionaiy appioaches in basic education. However, the need to iwtnicture educational 
cxpericncesintheseschooldisciplincshasneverbecngreaterthanitistoday. TTic 

revolution in personal computing and the digital interchange of aU media foimats. as yet 
incompletely absorbed by educational institutions, wiU be dramatically enhanced by local, 
national and international digital networidngcapabiUtics. Moreover, optical disc 
technology has matured to the point where vast amounts of textual, graph«x!. and motion 
video information in digital format can be interactively accessed from desktop computing. 
However, most basic educational instimtions are neither prepared to effectively utilize tficse 
interactive multimedia deUvoy systems nor are teachers adequately prepared to integrate 
multimedia into the mainstream of die instructional process. Thus, the need for 
teacher training to effectively integrate interactive multimedia technology in 
the school curriculum and instructional delivery processes becomes an 
imperative requirement.. 

The new interactive multimedia technologies have the potential to enhance teaching 
and to inHuence a fundamental restructuring of curricula and teaching methods as well. 
With vast amounts of information of all kinds available, Uie emphasis must shift from data 
generation and rote learning to undentanding how to sort, utilize, integrate, and apply 
knowledge and become proficient at problem solving. The requirement that students work 
at high levels of knowledge across all aspects of the curriculum mandates a rethinking of 
educational phUosophy and practice in virtually aU knowledge domains. Thus, better ways 
need to be found to help students build an integrated inteUecnial structure of scientific 
principles and seminal observations. Interactive digital multime Jia technologies provide 
one paUi toward tiiis end. The advent of the computer actually may have fostered an 
algorithmic cognitive view of the world based on procedures rather tium on 
concepmalization. New cognitive skills need to be developed to enable students to encode 
and decode visual data. Just as reading is a related but distinct cognitive process from 
writing, creating and manipulating media is a separate and distinct process from viewing 
media. Media literacy requires an interactive process with the media. Ironically, tiiis 
change may well mean an expanded role for computers in science and technology 
education. TTiatis, rather than merely teaching programming, computers would be used 
for simulation, in networked hypermedia learning environments, and empowered Icamuig 
environments. As such, the negative effects of the advent of the computer age ultimately 
will be seen as transitory growing pains. 
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The above themes suggest a distributed school , that is, one with a communications 
infrastructure supporting interactive digits] multimedia delivery systems and intellectual 
productivity work environments with access to learning resources around the globe. This 
interactive multimedia learning environment would be capable of collaborative interaction with 
teachers and students; have information technology imaging capabilities for receiving and 
transmitting print and non-print documents; and have electronic access to institutional services 
and resources nonmally available only during tiie school day extended to access times beyond 
the regular school day. 

Interactive Digital Multimedia Curriculum Development 

Designers of curricula in basic education must be attentive to developing high order 
thinking skills and techniques for the retrieval, analysis, and reporting of information from 
large multimedia data bases and information domains. Stefik (1986) speculates that the 
next generation of information technologies (advanced graphics workstations, optical disc 
technology, cognitive science, infonnation networidng, and expert systems) could become 
history's first "knowledge medium: humanity's conscious mechanism for tailoring its 
cognitive evolution.*' This prospect has emerged, in f art. because computer capabilities for 
receiving, processing, and transmitting information have steadily increased while the costs 
have concomitantiy decreased over the last four decades. 

Of what value is this increased power of advanced technologies in the educational 
environment unless it can be harnessed for more productive learning? New types of 
applications are being designed, developed, and tested which take advantage of the 
advanced functions provided by the new interactive multimedia digital technologies. These 
new instructional applications are referred to in the research hteraturc as interactive 
multimedia instruction, intelligent tutoring systems, and cognition enhancers (Brown 1982, 
1985; Dede, 1986). 

Intelligent tutoring systems are more complex than expert systems in tiiat they not 
only require an expert system base but they must have a learner diagnostic mode and a 
prescriptive mode to direct the activities of the learner. Intelligent tutoring systems are 
complex and specialized requiring heavy development costs. Of the some 15 intelligent 
tutoring systems identified as having reached the full stage of development, only 5 are used 
on some regular basis and only rccentiy have any been systematically evaluated as to their 
effectiveness (Romiszowski. 1987; Bums.et al, 1991). The educational value of these 
systems need to be determined by designing, developing, and evaluating intelligent mtoring 
systems in real school environments. In this regards a Cooperative Research and 
Development agreement was signed this last April between the Human Resources 
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C ircctoratc of Armstrong Laboratory at Brooks Air Force Base. Sage Educational Systems. 
Lehigh University, and the University of Texas at San Antonio. The agreement was 
orchestrated to facUitate the extended study and transfer of inteUigent tutoring systems 
(ITS) to our nation's schools under the banner vi the Fundamental SkiUs Project. The 
project will develop, test, and evaluate interactive digital video based intelUgent tutoring 
systems for basic mathematics, reading/writing, and basic science during the next three 
years. This scenario of the coliaborative development, tesiing, and the 
transfer of promising technologies for teaching and learning into the 
sctools of America needs to be replayed again and again. 

Cognition enhancing learning environments arc conceptually designed to take 
advantage of the complimentary cognitive strengths of the learner and an information 
technology. The tndcoff in cognitive strengths considers the leiaHve advantage of each in 
terms of storage capacity, short-temri memory, long-term menwiy. speed of computation, 
linear and semantic networks, and star:lardizcd prollem solving versus ill-structured 
problem solving. WhUe inteUigent tutors wiU graduallj rocome useful in educational 
environments, cognition enhancers designed to take advantage of the combined strengths of 
humans and computers wUl evolve much faster. These tools are stiU in their infancy. 
Nevertheless, three kinds of cognition enhancers seem to be emerging: empowering 
environments, hypermedia, and microworlds (Dcde. 1987). 

In empo^rring environments, the machine handles the routine tasks of the learning 
requirements while the person concentrates on higher order cognitive tasks. An example of 
this kind of environment is the Writers Bookshelf, a computer memory resident cognition 
enhar-cer which provides on-Une access to 10 data bases and reference documents to a 
'jmicr utilizing a woixi-processing program. The system, once accessed, includes support 
useful for real-time composition of a document; notable among these empowering devices 
are thesauri, dictionaries, and a grammar checker. 

Hypermedia arc cognition enhancers which provide a non-linear representation of 
text, audio, images and video in a semantic network Unking multimedia information 
sources to enrich tfie learning experience (Dwyer. 1987). Research data suggests that a 
variety of learning stimuli, multimedia instructional resources, may enhance both the short- 
temi and the long-tenn recall ot learned materials (Clark. 1984). Studies by Dalton and 
Hannafin (1986) show that the combination of interactive video and CAI maintains a high 
degree of active learner participation in the learning process. An example of hypermediatcd 
learning would be the development and use of an interactive multimedia Ulustrated tex book 
that interrelates textual information, audio, visual images and motion video aU in a digital 
foimat. This could be accomplished by using hypertext application development software 
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such as Linkway^ offered by IBM or HyperCard™ offered by Apple Computer, Inc., 
along with interactive optical disc technologies to create mediated learning environment: or 
preferably in a completely digital environment using Intel's Digital Video Interactive 
(D VI™) technology or similar emerging digital technologies. As pan of a beta-site test 
program with Intel, Lehigh University had the opportunity to work with an early version of 
the DVT™ technology. The goal of the test site applcarion development was to create a 
motivating, interactive educational application which utilized the digital rnulumrdia 
capabilities provided by DVI™. An application was developed, Dig.tal Dinosaurs, that 
allowed elementary school children to discover, explore, design, and create dinosaurs and 
dino'iaur habitats in a media enriched activity-based learning environment* The application 
consists of five primary activities: Arrange-A-Saur, Dino-Paint, Muce-A-Habiiat, Airangc- 
A- You, and Construe t-A-Saur. Arrange- A-Saur is a puzzle game in which the puzzle 
pie "xs consist of blocks from a digitized dinosaur image which are scrambled on the 
screen. The successful completion of the puzzle inccoduces the learner to the life and times 
of the dinosaur with digital video and other media fomoats. Dino-Paint is a creative activity 
which uses several resizable dinosaur images as a painting tool. Make-A-Habitat is a 
painting activity which lets the user create different habitats for the dinosaurs. Arrange-A- 
You is an adaptation of the Arrange-A-Saur puzzle game in which the user's picture is 
captured fipom an attached video camera and is dynamically digitized and imported into the 
application to be used as the puzzle pieces or for the composition of a per.sonal story about 
dinosaurs* Constnict-A-Saur is an archaeological activity in which the user recreates a 
dinosaur skeleton from the provided bone segments. At any time throughout the Digital 
Dinosaurs application, additional infomiation on dinosaurs is available in a variety of media 
formats. The nanrator is an animated dinosaur called Expert-A-Saur who provides facts 
and data on dinosaurs to enhance the learning activity. The learning activities for Digital 
Dinosaun were designed to provide the student with learning activities to explore, create, 
and evaluate their own learning experience in a motivating game-like environment 

Microworkls are content rich expen-based domains that link abstract 
comprehf'nsion to real worid applications. Microworlds, first described by Seymour 
Papert, developer and chief proponent of Ae Logo iMosophy of leamex-centered and 
leamcr-controlled q)plications of technology to education serve as "incubators of 
knowledge ... in which certain kinds d dunking can hatch and grow with particular ease" 
(Papert, 1980). Huriey (1985), for example, has described a series of computer 
microworkls for developing understanding of planetary motion, radioactive decay, 
conservation of momentum, and other concepts of phy.ics. Another example of this type 
of cognition enhancer might be the development of a flight simulation microworid that 
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physically and graphically depicts the lift-off and landing of a space shutUe and space 
exploration in which the learner can control the conditions impacting the flight of a space 
shuttle. 

The potential for improving learning productivity with cognition enhancers, 
hypermedia, and empowering tools seenns high, yet few learning environments take 
advantage of this potential. Perhaps because very little information exists on how best to 
design and develop learning environments using advanced interactive multimedia 
technologies. Research is needed to estabUsh design criteria and procedures for developing 
effective intelligent tools for enhancing teaching and learning in infomiation intensive 
environments. New technologies offer the promise of new ways of providing evaluative 
feedback to the learner in the form of multiple media stimuli. It also provides the learner 
with a wider range of ways to respond to curriculum based evaluative question-jig. New 
technologies can promote the development of new tests to focus on higher order cognitive 
skills in ways not cunentiy utilized (Madaus. 1987). Therefore, new technology 
based testing procedures and techniques need to be developed to promote 
higher order cognitive skills. The need exists to develop, implement and 
evaluate cognition enhancers in the critical fields of science and technology 
education. An aggressive long-term research agenda needs to be generated 
for studying the impact of innovaHve new information technologies in 
specific curricula in elementary and secont^ary educational institutions. 
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Mr. Valentine. Thank you, sir. 

I will recognize Dr. Houlihan at this time unless Mr. Joseph, you 
don't have any problem. I see that you're local and he's got an air- 
plane to catch. 

Dr. Houlihan. 

Dr. HouuHAN. Thank you very much, Mr. Chairman. It's a 
pleasure to be with you todav. 

I've heard a great deal— I ve learned a lot today, and perhaps it 
is appropriate at this point that a practitioner share with the — the 
hearing some — some ideas. 

I'd like to begin by talking about the-the obvious disparity that 
exists between the use of technology in our schools and what's 
available. And I'd like to do that by sharing with you two quotes 
that I think are most appropriate. 

The first quote is by Frank Shrontz, who's Chairman and CEO of 
the Boeing Company, and he says, "America's future will; be no 
greater than the one we prepare our children to build. We must 
not handicap them with obsolete tools." 

Compare that by sharing with you another quote from the 
famous person Anonymous that says, "In the United States, 
schools and churches are the only remaining institutions that still 
rely on the old-fashioned ditto machine as a major source of tech- 
nology." 

And I think it shows in those two quotes the disparity that 
exists, and I'd like to share with you why I believe that's the case. 

First, education is vastly underfunded and/or vastly over-regulat- 
ed. We do spend a lot of money on schools but the regulations and 
the categorization of that money often handicaps the use of that 
money appropriately. 

Second, as has been said many times, and I won't go into this, 
schools today operate the same as we did 30 or 40 years ago. And 
an interesting article that appeared in Time, September the 14th of 
1959, gives a dire warning of what would happen if our schools did 
not change. The warnings that were raised in that article have in 
fact come true in 1991. 

And the third reason I think this disparity exists is because tech- 
nology is misunderstood and feared by many educators— a fear of 
losing control, a fear that computers will replace teachers, and the 
fear that some students very well may know more than the adults 
do in the schools. 

And I think that fear is a genuine one when we consider the fact 
that there is a clear lack of clarity regarding consensus as to what 
our schools are all about. And when there is a lack of consensus 
about what schools should and should not be doing, fear is often 
the result. 

In spite of these issues, education must incorporate technology in 
the everyday practices of our schools, once again, for three reasons: 

First, children today are visual learners. I believe that many of 
the discipline and dropout problems we have are related to student 
frustration and boredom with the schools that exist. 

Also, kids are increasingly sophisticated and knowledgeable. The 
traditional lecture test, lecture method, of classroom instruction is 
not appropriate in today's world. 

I'lO 
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A second reason why we must incorporate technology is that 
technology can provide a catalyst to move schools as organizations 
forward towards the 21st century. We often forget that the vast 
array of knowled^ that is out there and it's growing, and its 
growing so fast that unless we incorporate technology into our 
schools, I believe we're going to fall farther and further behmd. 

And, finally, and most importantly, as Alvin Toffler statw, 
"teachers who do not understand the future will do mcredible 
damage to their students." 

We can talk about the global issues of technology today, and 
they're very important; we can talk about the competitiveness of 
our country, and that's very important; but as a superintendent of 
schools, my job is to make sure the students I work with every day 
have opportunities to be successful in the future. That is why I 
think technology is most important— to give those young people 
that we work with every day an opportunity to be successful no 
matter what they choose to do in the future. 

Thank you very much. 

[The prepared statement of Dr. Houlihan follows:] 
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"Americans future will be no greater than the one we prepare our 
children to build. We must not handicap them with obsolete tools." 

-Frank Shrontz, Chairman S CEO 
The Boeing Company 

"In the United States, schools and churches are the only remaining 
institutions that still rely on the old fashioned ditto machine as a major source 
of technology 

-Anonymous 



OVERVIEW: 

As a practicing educator for the past nineteen years, I have observed the 
growing disparity between the availability of sophisticated technology for 
learning and the use of this technology in public education. There are many 
reasons for the disparity, but the simple fact remains; K-12 education in 
America is woefully behind when it comes to the use of computer-based 
instruction in our schools. 

There are three primary reasons why this disparity exists. First, the 
cost of technology is often prohibitive. Education in America is vastly 
under-funded, with such basic issues as school facilities, materials/supplies, 
and even telephones being in short supply. Tax dollars to fund expensive 
technology above the basic infrastructure needs in public education are not a 
priority in most school system budgets. 

Second, the American system of education is locked in a post-world war II 
mode of operation. Teacher preparation, delivery of instruction, and evaluation 
systems have not changed in many public education systems. Because our 
schools are organized similar to schools years ago, technology is not viewed 
as important, or is not understood, by the vast majority of educators in our 
schools. 
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The twin issues of funding and organizational structure have contributed 
to a lack of usage of technological advancements in the schools of America. 

A third reason for the lack of technology usage in public education is the 
historical haphazard, fragmented options previously available to consumers. 
Educators are skeptical of the value of computer based instruction, because the 
software available has be«n of questionable value. A great deal of the software 
designed for computer based instruction has boen designed primarily to be 
compatible with the type of hardware beiny used, with little attention to 
correlation of curriculum or theory-based instructional techniques. In short, 
educators have become increasingly suspicious pf computer based Instruction 
because of the fragmented software being sold. 

In spite of the reasons why computer-based technology is not being used 
in many school systems, there is great optimism for the future. Having worked 
in a school system where technology was used to dramatically improve student 
achievement, I am convinced that technology holds the key to the future of 
education in this country. Until and unless we take dramatic steps forward in 
the area of technology in our schools, I am convinced American education will 
not be able to compete on a global scale. This country really has no options; 
we must use the increasingly sophisticated forms of technology if our children 

are going to succeed • 

America's children learn in many ways vastly different from the way you 
and I processed information. Today's young people are visual learners because 
this generation has grown up with television, video-discs and cam-corders. 
While it may be very difficult for you and I to play Nintendo successfully, our 
nine and ten-year olds are quite adept with this game. The point Is very 
simple; children often know far more about technology than adults do; 
consequently, we must find ways to teach children that correspond to their 
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natural predisposition to learn. The days of lecturing for an entire period 
must come to an end, to be replaced with computer screens that prov.de visual 
stimulation and excitement tor the learner. 

One of the most telling success stories I have observed first-hand is the 
achievement gains that can ocxur among students labeled as "at risk" or from 
lower socio-economic living conditions. In one school, for example, students 
achieved a gain of 57^ in reading after a computer based learning system was 
installed in that school. This particular school contained students that 
traditional wisdom says are "at-risk". Over 60% of the students were minority, 
many coming from housing pro|ects in the attendance area. The per capita 
income of this school's population was approximately $11,000; many of the 
parents of these children were on welfare. Three years after the computer 
learning system was installed, that school was selected as a U. S. Department 
of Educational "National School of Excellence". I am convinced this dramatic 
change would not have occurred without the use of technology in the school 
setting . 

Perhaps a specific example would be of assistance. As . I walked past the 
previously mentioned school's computer lab one day, I noticed a young man 
busily working on the computer. What caught my attention was the fact that he 
was standing at the terminal, deeply engrossed in the task at hand. The chair 
that was provided for him to sit on had been pushed aside. Knowing that this 
particular young man came from a "disadvantaged" home situation, was constantly 
in disciplinary trouble at school, I stopped and watched him at work. As 
problem after problem was answered correctly by this young man, I became 
very impressed with his ability to complete his assignments so well. 

As he completed the assignment on the computer, I asked him why he was 
doing so well. His answer was starkly revealing; "It's fun to learn this way, 
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but most of all the computer don*t talk back and tell me I'm dumb*'. From that 
day forward, I have become convinced that the use of computer-based 
instruction holds the key to future success for many of our young people. 

FUTURE CONSIDERATIONS 

As important as this hearing is to the future of computer-based instruction 
in America's schools, I would urge the Committee to expand its emphasis and 
refine the questions being asked. The missing element underlying the 
questions being raised by this Committee is any sense of schools as systematic 
work processes, the nature of quality work processes (in any setting) and the 
relationships of information technology to empowerment of those work processes. 

There are a number of key questions that need to be asked first to ensure 
that the questions currently being asked are focused on the real Issues. For 
example: 

* Why would school practitioners (all seemingly intelligent, 
college educated adults sharing concerns about children) be 
the only professionals in our society that appear to ''resist** 
technology? 

* Why is education the only work setting where tools are provided 
for the clients, before the workers? 

* Why ^'-c schools the only professional work settings where the 
profess.onals have no way to Interact with each other about 
problems as part of their daily process of solving cnem? 

* Should teachers have telephones? 

The bottom line answers to these questions frame the depth of the delivery 
paradigm in America today. The schools of the 40's and 50»s delivered 
instruction via lecture, rote memoriiation and regurgitation of the material 




143 



delivered. If this same delivery system is the prevailing view in the 1990's, 
the use of computer-based Instruction is not likely to be successful. 

I contend the schools of the 1990's must look at the issue of management of 
Information-driven systems and the process of continuously adapting resources 
to accomplish purposes. We have not provided teachers and principals with the 
basic information to do this job. 

John Gardner once termed our culture's understanding of social service 
delivery as a "Penny Cumball Machine" mentality. People see resources going 
in at the top and outcomes (in our case, learning) emerging at the bottom. 
This mental set may be the real barrier to the effective use of technology in 
our schools of the t990's. 

Today's leaders call for quality learning outcomes and more productive 
schools and school practitioners. But, because many of these leaders cannot 
yet apply what they are learning in the private sector about the connection 
between personal productivity and quality outcomes to the total work processes 
of schools, our system of education continues to flounder. 

The issue of computer-based instruction is critical to the future of 
American education. As policy-makers, I urge you to help improve the quality 
of learning by shifting from a mindset of blaming teachers and principals for 
our woes to a mindset of fixing the process we use to educate students. 
Quality is highly dependent upon productivity, and productiviiy in our schools, 
as in the private sector, requires technology. 

This nation's schools can and must incorporate technology into the system 
of education. But, the process we use to educate children must change, and 
this nation's mindset about delivery of instruction must change, if we are to 
systematically improve education in America. 
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Mr. VAua.TiNE. Thank you, Dr. Houlihan. 

Mr' jSotSh! Thank you, Mr. Chairman. I appi-eciate the opportu- 
nity to be here and I appreciate the comments of everyone who 

^IS^neM community has great concerns about the future well- 
being of this country as— as evidenced by the people in the work 
force today and the amount of training they will need to take us 
forward as well as the— the poor numbers who are commg forward 

from the school systems. . « . «- * lu 
And so it's not surprising when— when Secretary Kearns talks 
about the involvement of the broad-baaed busmess woups m trymg 
to support and coordinate what the Pr^ident and the governors 
are t^Sng to do; because today America faces a challenge that wUl 
require tremendous resilience to meet. , 
lophisticated technology is rapidly chanmig virtu^y every 
aspect of the way Americans work and live. As we all know, the 
value of unskilled labor is rapidly disappearing. In the workplace 
of today, employees on the factory floor must be highly literate and 
computer friendly. Skilled requirements are ch&ngmg dramatically 
and increasingly require independent judgment as weU as analyti- 
cal and interpersonal skills. , . . . i.. 

For example, manufacturing and machinist occupations are 
evolving quickly from jobs involving simple repetitive motions to 
thoseof technicians or technologists. . i^r^^o 

In the service industry, for example, secretaries are now mforma- 
tion managers. Bank tellers or financial semces-portfoho consu t- 
ants. EvSr delivery services like Federal Express now use compu^ 
erized tracking systems that employees are expected to operate ana 

^/SdThe^comment has already been made about the huge 
number of people in the work force between 70 and 80 percent of 
the people m the work force today who will need constant retram- 
ing to take us into the year 2000 and beyond. 

So if America is to maintain its economic vigor and preserve its 
standard of living into the 21st century, it must embark on a drao^ 
nian campaign to reinvigorate our school s}'stems and to meet the 
training needs of our current work force. , , j *^u„«. 

NowTwe beUeve incorporating much of the past decades techno- 
logical advancemente into the classrooms and work environments 
isli^ble solution. Because, after ^aU, it's the modem teclmology 
that we now recognize as compelling the need to change our 
schools as weU as improve the cahber of our work force. 
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percent of their budgeto on computer-based instruction. That s a 
share of about 300 times larger than pubhc schools. 

Let me also add at this point that most of the data we have 
comes from the big companies-Fortune 500 to be concerned. But 
wu look at who they aiSTthe high-tech companies, the higher tech 
they w^, the greater pircentege of their bu5get they jmen^^^^^ 
trSiing becauM they Eiow how-how much people need to stey 
ahead of the curve. 
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It's also important to note that very little data exists about the 
training needs and programs of small to medium-size employers. 
And we believe that that's something this committee can help do, 
ib get the right government agencies focusing on that. 

My formal statement also incorporates a lumber of specifics of 
companies and local chambers of commerce, what they're doing 
around the country to spur this kind of— of application of technolo- 
gy to schools. And also appended to my statement is a recent arti- 
cle from a special supplement from Fortune magazine about what 
companies are doing to bring technology to classrooms that we feel 
should be read by many. 

Local business people, through local chambers of commerce, are 
trying to help. They recognize that schools can only be reformed 
from the bottom up, through 16,000 local school districts, meeting 
well into the evening, and figuring out how they are going to im- 
plement the necessary changes that as a Nation we set out in a 
framework. 

And we believe that while the local busmess people can t come to 
the table and try and tell teachers how to teach— because that's 
not their job— they can make the case that technology has changed 
the way they've operated their businesses over the last 10 years. 
And while they were afraid of computers, too, that we have to get 
on with it and put technology into the schools so that people can be 
trained, come out knowing how to— how to do what needs to be 
done. 

Quite frankly, we're very concerned, because even though the 
President's program and that the governors' support is very admi- 
rable, and would establish 535 model schools- that's about five 
years from now. And there are 100,000 schools out there today that 
are all struggling and floundering, and the business community 
needs them aU to be revitalized as soon as possible. 

And technology is something we can do today into all of these 
schools. Because it's important to note that classroom technology is 
falling behind that of tha real world at an accelerating pace. 

While the rest of America created a $20 billion industry by put- 
ting some 45 million personal computers into use over the last 10 
years, U.S. schools acquired a mere $2 billion worth of PCs. Not 
surprisingly, there are 10 times as many Nintendos in homes as 
computers in schools. And today we invest only about $100 per stu- 
dent in education for computers and capital equipment compared 
with $50,000 per worker in private industry, and more than 100,000 
for a worker in a high-tech firm. 

So let me quickly summarize some of the recommendations that 
we ask you to look into. . 

First, as I recall making the statement, there is not enough data 
about the small and medium-size companies on what they're doing 
in the training area. And since half the people who will come out 
of school and go to work, will go to work for these smaller business- 
es, there needs to be some linkage back to what specific training 
skiUs need to be focused on in the educational process. Perhaps the 
Department of Labor or Small Business Administration can do a 
better job of tracking that. • 

We also think that we have to get on with the iiyection m a mas- 
sive way of technology into schools, a^ I mentioned through that 
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Fortune supplement. But also, I think the Congress has to go back 
and consider maybe federal tax incentives. I know supposedly the 
tax code isn't going to be touched any time soon, but you never 
know. And if we really want to encourage this corporate mvolve- 
ment and corporate generosity, you can have quicker write off of— 
of computers used in school. ,11 
Ck)mputer technology is moving so fast that the technological 
prowess doubles every year and the cost gets cut in half. So before 
you know it, there are plenty of businesses that will have a year 
and two-year-old computers that they have to junk— they could 
junk if the tax code allowed them to write them off a little faster, 
and perhaps they could put those into schools. , x *u - 1 

Let me also mention something else that gets overlooked, I think, 
by many in the Congress when you focus on education policy. 
Uncle Sam, in his own way, is the largest trainer of adults and ed- 
ucator of children through the military, in terms of base schools 
and in terms of all the people who are trained to go into the mili- 
tary, and all the constant retraining through the Reserves. 

And there are large amounts of dollars being allocated m— in 
that pot, and perhaps the. ^'s a way to bridge the gap and find 
ways to share some of the programs or share some of the technolo- 
gy; or perhaps even consider, as we downsize the military and close 
bases, taking computer equipment that exists and trying to move it 
into the community so other people can share. « _x * 

And, finally, we think that people need to support the effort ot 
the President's and the governor— the President and the gover- 
n*^rs— to move America 2000 along. ,^.11. 

And close with the last point other people have made, that we 
understand that teacher training is key to this, that there needs to 
be the same national imperative to bring the teachers up to speed 
80 they feel comfortable, and we need to make sure that— that the 
community at large and the Nation at large is committed to bnng- 
ing technology on line as soon as possible. 
Thank you. , ^ „ . 

[The prepared statement of Mr. Joseph follows:] 
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The U.S. Chamber of Commerce is the world's largest federation of business companies 
and associations and is the principal spokesman for the American business commumty. 
It represents nearly 180,000 businesses and organizadons. such as local/state chambers 
of commerce and trade/professional associations. 

More than 93 percent of the Chamber's members are small business firms with fewer 
than 100 employees, 60 percent with fewer than 10 employees. Yet, virtuaUy aU of the 
nation's largest companies are also active members. We are particularly cognizant of the 
problems of smaUer businesses, as weU as issues facing the business community at large. 

Besides representing a cross section of the American business community in terms of 
number of employees, the Chamber represents a wide management spectrum by type of 
business and location. Each major classification of American business -- manufacturing, 
retailing, services, construction, wholesaling, and finance - numbers more than 10,000 
members. Yet no one group constitutes as much as 32 percent of the total membership. 
Further, the Chamber has substantial membership in all SO states. 

The Chamber's international reach is substantial as welL It believes that global 
interdependence provides an opportunity, not a threat In addition to the 61 Amencan 
Chambers of Commerce Abroad, an inaeasing number of memben are engaged m the 
export and import of both goods and services and have ongoing investment acuvittes. 
The Chamber favors strengthened international competitiveness and opposes artifiaal 
U.S. and foreign barriers to international business. 

Positions on national issues are developed by a cross section of its members serving on 
committees, subcommittees and task forces. CunenUy, some 1,800 business people 
participate in this process. 
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The U.S. Chamber of Commerce commends the Subcommittee on Technology 
and Competitiveness for recognizing the importance of educational technology and its 
relation to our nation's economic vitality and competitive strength. The Chamber also 
appreciates the opportunity to present the business community's views on this critical 
issue. 
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1 am Jeff Joseph, Vice President for Domestic Policy at the U.S. Chamber ot 
Commerce. I also serve as Executive Vice President to the Chamber's affiliate, the 
Center for Workforce Preparation and Quality Education. Accompanying me is Jill L. 
Scheldrup, State and Local Program Manager of the Center. 

The Chamber is deeply cormnitted to improving education and workforce quality^ 
and places high priority on incorporating educational technology into classrooms across 
ihe nation. This testimony will present the Chamber's views on educational technology's 
potential impact on today's job market and will outline why computer-based learning is 
beneficial for private industry and American schools. 

This country has experienced a dramatic rate of technological acceleration over 
the past decade - one that shows no signs of slowing. To that end, this testimony will 
also recommend that the following actions be taken by this Subcommittee: 

1. Focus national attention on the need to equip school students 
with technological skills and to upgrade the skills of our 
current workforce; 

2. Direct the Small Business Administration or U.S. Department 
of Labor to collect data on the training practices and skill 
demands of small- to medium-sized companies; 

3. Work with the Bush Administration, state governments, and 
business and education leaders to establish model technology 
schools for all ages and abilities; 

4. Provide teachers with appropriate training and assistance in 
the application of educational technology; and 

5. Ensure that educational technology and the use of computer- 
based instruction become part of AMERICA 2000, President 
Bush's education strategy. 
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pp^ f^ATinNAI. TECHNQ i/v-.V AND THK AMERICAN JOB MARKET 
Today, America faces a chaUenge that wUl require tremendous resUience to meet. 
Sophisticated technology is rapidly changing virtuaUy every aspect of the way Americans 
work and Uve. There was a time when any average high school graduate with basic 
mechanical apUtude could expect to find meaningful employment in industry. That day 
is gone. The value of unskilled labor is rapidly disappearing. In the workplace of today, 
employees on the factory floor must be highly literate and computer-friendly. Skill 
requirements are changing dramadcally, and increasingly require independent judgement 
as well as analytical and interpersonal skills. 

For example, manufacturing and machinist occupaUons are evolving quickly from 
jobs involving simple repctiUve motions to those of technicians or technologists. In the 
service industry, secretaries are becoming information managers: and bank tellers are 
becoming financial services portfoUo consultants. Even delivery services like Federal 
Express now use a computerized tracking system that employees are expected to operate 
and understand. These types of developments wiU continue well into the 21st century. 

According to the U.S. Department of labor's Bureau of Labor Statistics, more 
than 50 percem of jobs created between 1985 and 2000 will require some education 
beyond high school. Blue collar or manual labor positions will cominue to decline -- 
from roughly 40 percem of aU jobs in 1970 to 27 percent in 2000. In the interim, 
demand for white collar work will escalate. Executive, administrative, and professional 
specialty occupations will comprise 30 percem of aU employmem positiomj. These jobs 
require, the highest proportion of workers with at least four years of college. Today, only 
22 percent of all occupations require a c^Uege degree. 
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With wcU over 70 percent of employees in the year 2000 already in the workforce, 
uaining needs wiU be immense. The American Society for Training and Development 
(ASTD) reports that 49i million workers, or 42 percent of the workforce, will need 
additional training within the next ten years to keep pace with employer skill demands. 
Sixteen milUon will need skills and technical training; 5.5 million will require executive, 
managerial, or supervisory training; U million wiU need customer service training; and a 
whopping 17 million will require training in basic skills. THese figures do not include the 
approximately 37 milUon workers who wiU need entry-level training. Attached to these 
training needs is an enormous price tag for employers, who already spend more than $30 
bilUon in training, retraining, and remedial education e?-h year. 

Cunent trends in education performance exacerbate the difBculty business will 
face in finding skilled workers to fill the complex and knowledge-intensive jobs of the 
future. Statistics on Uiesc trends arc aU-too-famiUar. TTie U.S. national dropout rate is 
26 percent, rising to 50 percent in some inner cities. Of those who graduate, about 
700.000 cam,ot read their diplomas. Only half of our H-year-olds compute well enough 
to use decimals and fractions, recognize geometric figures, and solve simple equations. 

aearly. if America is to maintain its economic -/igor and preserve its standard of 
living into the 21st cenmiy. it must embark upon a draconia.» campaign to re-invigorate 
our school systems and meet the training needs of our current workforce. Incorporating 
much of the past decade's technological advancements into classroom and work 
enviromnents is a viable solution. After all, it is because of modem technology that we 
now recognize ti>e compeUing need to change our schools, as well as improve the caliber 
of our workforce. 
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Many U.S. corporations already utilize technological training devices to upgrade 
the skills of their employees. The worker-education departments of private businesses 
spend an average of 30 percent of their budgets on computer-based instruction - a share 
about 300 times more than public schools. Employee educators in leading companies 
are replacing three-quarters or more of their classroom teaching with instruction 
delivered by computer and telecommunications systems. 

Recent research by ASTD shows that many large companies spend at least twice 
as much on training as the U.S. average of 1.4 percent of payroll. IBM's total training 
expenditure is $250 million, or five percent of payroll. Xerox spends $257 million, or 
four percent of payroll. Texas Instruments invests $45 million, or 3.5 percent of payroll. 
Much of the positive training effort these companies have demonstrated must be 
transferred iO America's public schools. 

It is important to note, however, that little information is available on the training 
practices of small- to medium-sized employers. 

COMPUTER-BASED INSTRUmON! A TATALYST FOR SCHOOL 

RESTRUCTURING 

Educational technology is gaining national recognition as an effective tool for 

making schools more efficient, helping teachers to individualize instruction, and affecting 

positively how and what children learn. Computer-based instruction, a major form of 

educational technology, can virtually transform the way children are taught. Computers 

make learning fun for children raised on Sesame Street, Nintendo, and MTV. Fortune 

(Spring, 1990) reports that computer-based instruction captivates students and promotes 

the skills business values highly - problem-solving, teamwork, and familiarity with 
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technology. Computers can also help teach learning-disabled chUdren by allowing them 
to progress at their own pace, providing immediate feedback without passing judgement. 

Research on the ^.ffects of educational technology and computer-based instrucUon 
has produced promising results. In 1990. Bank SUeet CoUege of EducaUon surveyed 608 
teachers who use technology. A majority reported that they were able to tailor lessons 
to individual students and that students took more mitiaUvc and responsibility for their 
education. Of the 1.100 teachers surveyed by the Wirthlin Group in 1989. 64 percent 
agreed that computers help stimulate the interest of students most at risk of dropping 
out. 

school districts using technology also report its positive effects on at risk youth. 
Orangeburg, South Carolina reduced its dropout rate from 34 percent to eight percent m 
four years. Volusia County. Florida used a computer-based adult literacy program to 
raise the reading ability of 300 high school students from a 6th to almost a 9th grade 
level. Business is getting involved in research as well. Apple has begun spending several 
nuUion dollars per year on "Apple Classrooms of Tomorrow." a long-term research 
project that explores how technology affects teaching and learning. 

Business and government leaders are joining forces to implement computer-based 
learning systems into the schools. Since 1979. Apple has donated more than $60 million 
in computers and equipment. IBM has provided $50 million in computers and training 
over the same period, and will spend another $50 million in the next five years. Mattel 
is donating computers to learning-disabled students in U>s Angeles, with hopes of 
expanding this effort into a naUonwide program. In 1989. Pacif.c Bell. IBM. Uckheed. 
and other corporations successfully lobbied the California legislature for $14 million to 
support technology in the schools. 
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Jostens Learning Corporation, a subsidiary of Jostens, loc, is another leader in 
the educational technology field Jostens Learning Corporation develops and markets 
educational software for pre-school, elementary, secondary, and adult learners. By 
promoting partnerships between education, business, and/or government leaders, the 
corporation has helped thousands of financially needy school districts purchase and 
obtain various forms of technology-based learning programs. 

State and local chambers of commerce are taking action as well. The Florida 
Chamber of Commerce has spearheaded an effort to make instructional technology a 
fundamental component of education restructuring throughout the state. Tlie Chamber 
was successful in 1990 and 1991 in getting computer-based instruction incorporated into 
elementary and secondary classrooms through several million dollars in contributions 
from business and appropriations from the Florida legislature. Utah is in its second year 
of an initiative that has placed computers and other forms of instructional technology in 
each of the state's 40 school districts and four colleges of education. The Utah 
legislature has appropriated $28 million in the last two years toward this effort, with 
plans to continue funding through 1994. To date, business has contributed $15 million. 
The Utah technology initiative is modeled after a busincss^ducation partnership 
program spearheaded by the Provo-Orem Chamber of Commerce. South Carolina is 
preparing a statewide plan for technology and has formed a task force of business and 
education leaders. Representatives from the state chamber serve on this committee, and 
several chamber members are primary resources for task force members. The Texas and 
Pennsylvania chambers are among other state chambers becoming leaders in the 
educational technology field. 
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Representing over 180«000 corporations and 2,900 state and local chambers of 
commerce, the US. Chamber of Commerce is also deeply committed to this effort The 
Chamber has created a separate 501(c)3 organization, known as the Center for 
Workforce Preparation and Quality Education, The Center was created to mobilize a 
national grassroots campaign to involve business leaders and chamber executives in the 
education reform movement. Helping local communities meet the new education goals 
and assisting them in implementing reform proposals called for in AMERICA 2000 arc 
central to the Center's mission. Making educational technology and, more specifically, 
computer-based instruction, a key part of this decade's education reform agenda will be a 
Center priority. 

EXISTING BA tfPlFRS TO IMPLEMENTATION 
While much has been done to incorporate educational technology into classrooms 
across America, statistics make it painfully clear that our nation is still in the infancy 
stages of Uiis effort The impbmentation of computer-based learning devices in schools 
has been slow. Much of tiiis is due to resistance to change by tiie education community, 
or by complaints of poor-quality computer hardware and software. Another significant 
barrier facing a computer revolution in the schools is cost. The U.S. Congressional 
Office of Technology Assessment (OTA) estimates that the U.S. would have to spend $4 
billion annually for $r/eral years to reduce tiie student-computer ratio to 3:1. 

A substantial majority of schools still lack adequate numbers of computers for 
instructional use. Glaring deficiencies exist in poor districts and in educating black 
students or those witii limited English proficiency. Estimates in 1990 were that schools 
averaged one computer for every 20 to 30 smdents in tiie schools. In a 1990 survey of 
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80,000 schools, 97 percent had at least one computer. In 17 percent, the student- 
computer ratio was 90:1. 

Classroom technology is falling behind that of the real world at an accelerating 
pace. While the rest of America created a $20 biUion-a-year industry by putting some 45 
million personal computers into use during the last ten years, U.S. schools acquired a 
mere $2 billion worth of PO. Not surprisingly, there arc ten times as many Nintendos in 
homes than computers in schools. Today, we invest only about $100 per student in 
education for computers and capital equipment, compared with $50,000 per worker in 
private industry, and $100,000 per worker in high-tech firms. 

While it is clear that there are companies today in which uaining is a high- 
leverage investment, some studies suggest that total U.S. commitment to corporate 
training is insufficient. According to ASTD's Train America's WorkfoiWi ''Only 55 
percent of American employees say they received either schooling or formal job training 
to qualify for their jobs and only 35 percent received formal retraining once at work.'* 
Available training is also skewed more toward college graduates. About one in five 
college graduates are trained by an employer, while only one in 13 employees without 
college receives training. Additionally, numerous studies indicate that Europeans and 
Asians commit gr< ater resources than we do to corporate training. ASTD reports that in 
France, employers are required by law to conunit at least one percent of payroll to 
training. Countries such as Ireland, Germany, Sweden, Denmark, Korea, Singapore, and 
Japan use a mix of tax incentives and infiastructure jointly governed by industry, labor, 
and government to sponsor work-based learning. 
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RFrOMMENDATinNS FOR C ON(.RESSIONAI. ACTION 
Although education is a statt and local function, there are actions that can be 
taken at the federal level to help facilitate the implemenution of educational technology 
in schooU throughout the United States. The federal government may not have 
adequate resources to make the financial investment needed to transform American 
school systems, but it can provide direction and play a leadership role ~ all in an effort 
to make educational technology a part of this decade's education reform agenda. What 
follows are potential coiu^ of action at the federal /national level. 

Fftni'; Attention nn Smal l- tn Medium-Sized Companies 

Small businesses, which employ roughly one-half of the nation's pnvatc sector 
labor force, have been dirccUy affected by technological advances. Often touted as the 
"economic engine" of this county, America's 18 million small firms experience the same 
difficulty recruiting skilled labor as do large corporations. During difficult economic 
times, small companies often are forced to become smaller or forgo expansion. 

Because of the vital contribution small business makes to the economic well- 
being of this country, we must revitalize federal efforts to assist them. To that end. 
Congress should direct the Small Business Administration or U.S. Department of Labor 
to examine the extent to which small businesses utilize technology in their training 
practices. This effort should also include a comprehensive attempt to identify the precise 
training and skill demands of small employers. 
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rreate Hifgh^T ^^hlT^'^gY P"^^ Schools 

A number of school districts have begun to experiment with super high schools - 
schools using the newest technology. These efforts hold much merit Imagine if all of 
the latest technology - personal computers, fiber optics, high-density TV, satellite 
communications, VCRs, CD-ROMs, high-speed copiers, facsimile transmission, hand- 
held video cameras, compact audio recorders and players, and nearly limitless software 
development - were put together and dedicated to teaching children. Congress, working 
closely with the Bush Administration, state governments, business leaders, and other 
private organizations, could help make this a reality by promoting model technology 
schools for all ages and abihties. 

There are a number of avenues through which such an endeavor could be 

pursued: 

1. A number of efforts are already underway to bring low-cost computer 
networks to the fingertips of teachers and the desk tops of children. A 
widcscale promotional effort should be undertaken at the federal level to 
encourage states to adopt these systems on a pilot and, ultimately, a state- 
wide basis. Examples of these efforts are highlighted in a Spring, 1990 
special issue of Fortune , which is attached for the Subcommittee members* 
review. 

2. Various federal tax incentives for business to increase its investments in 
educational technology should be explored. Such incentives would provide 
a good vehicle for business involvement, as is already done in some 
European and Asian countries. 
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Federal investments in tecbnology for personnel training, particularly in 
such areas as Department of Defense National Guard and Reserves, 
should be made available to conuminities for public educatioa This 
federal seed money is cssr nial to establish high-technology schools, 
A new round of Presidential leadership could energize support for the 
expansion of high-technology schools - possibly through AMERICA 2000. 



R«.vitaliM Teafh^r Training 

It is absolutely necessary to provide teachers with training and assistance in the 
appUcation of educational technologies. Roughly two thirds of all elementary and 
secondary school teachers receive no such training at present IBM has responded by 
donating $25 miUion in awards to coUeges that devise innovative ways to educate 
prospective and current teachers in classroom technology. 

This same effort must be appUed on a national scale. State governments should 
be encouraged to revise teacher certification requirements to include training in the use 
of computers for instructional purposes. Computer training should also become part of 
state professional development mandates. 

Similarly, teacher support should include a new school professional, the 
"educational technologist," who is skiUed in the use of hardware and appropriate 
software. Postsecondary institutions should be encouraged to develop a curriculum that 
will graduate the educational technologists needed in schools. 
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Tie Educational TechnQlo jry into Current Federal liii^aatives 

A federal/national effort must be made to ensure that educational technology and 
the use of computer-based instructioa become part of the administration's AMERICA 
2000 proposal. This can be achieved through appropriate Congressional support and 
encouragement. 

Specifically, persons well-versed in educational technology should serve on the 
Research and Development Teams. Computer-based instruction must also be a 
requirement for use in the new generation schools. Educational technology should 
become part of the administration's efforts in educational choice, because computer- 
based instruction can be a key factor in promoting competition among schools 
participating in a educational choice effort. 

The U.S. Chamber's Center for Workforce Preparation and Quality Education 
stands ready to assist in this federal effort to pursue nationwide implementation of 
policies called for in AMERICA 2000. The Chamber can cany word of AMERICA 
2000 policies to the local level through its 2,900 member chambers of commerce. After 
all, education restructuring can only take place through a cumulative effort where all 
communities work toward education improvement and the incorporation of technology 
learning systems. State and local chambers can be the catalyst, because they provide a 
common bridge between business, education, and parental leaders in every community 
across the United States. 



CONCLUSION 

If American industry is to be competitive - and if our national economy is to be 
viable - we must have a sophisticated and highly trained workforce. The incorporation 
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of computer-based learmng s,s«n» in school, aaoss .he nauon help private ,ndu,.^ 
mee, .his chaUenge. B, working wi* gccmmen. a™i leaders, business has 

.ade grea. strides in inidating a can,paign .o make .ech-ological learning environments 
commonplace. But much mere needs to be done. 

By comidering .he recom.nenda.ions described above, artd by working closely «th 
,he Bush Admims.ra.ion. Congress can pla, a map, role in ensuring that educational 
technology becomes part of this decade's education reform movement. The U.S. 
Chamber of Commerce stands ready to assist Congress in this most critical endeavor. 
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f'lly by showcriiii: schools \Mth compuicr^i. 
•^W^ Sav^ he. Uccmsc thcv work ' 

Having rcvicsvcd scores i)i proj^rams that 
■^'ich youni< children. R.ordan has become 
• *:himpion ol IBM's Writing to Read. The 
"ftv^arc. now in use in 3.000 schools nation- 
*Me. first encourages children lo \*rite 
^•>r<ls the wjy ihev sounJ- kai ' or thru 
- ind later pairs the words with the correct 
^P<llings. 

Two years aito Riordan 4ot a call Irom 
^liSMisippi Governor Ray Mabus. who ex- 
pressed his desire thai everv ehild in Ihe 
^Ute read and write by the end of first eradc. 

November. Mississippi kicked otf a S13 
'^'Hion five year program to install Writint} 
»o Read labs in every kir>dergartcn and hrst 
in the stale by W^B. Riordan and his 
^hiWhood buddy Richard Dowlini?. presi- 
of RORD Foundation in New York. 



donated SI 5 million to the pro|CCt and 
pledged another $5.5 million: the legislature 
agreed to kick in the remaining Sb million. 

BY .-M.l.OVVISCi children to pro- 
gress at their own pace, provid- 
ing immediate lecdback. and rwt 
p:issmi; ]udemeni on slow learn* 
ers. conipuiL-rs ^.m be particul.irty helptul 
in leaching le.irnmv. disabled vr.un^stcr'. 
Savs Kjren McM.ihon. who teaches ^uch 
Mudcnts at Jelfcrson blcmentary School in 
J poor Hispanic neighborhood in Los An- 
odes: "The computer is much more pa- 
tient than I am. I'm also n<n as motivating 
They think this ts a game. I'm a teacher, 
rwi a game 
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Aiiconitnifto the Office of 
Technoiotsy AsstSiment. ^5^« of 
A mencan tcMs haxeowor mort 
iUiiirvom comptUen ami nmi^ily 
^HTc huvf V CRs. .VtruWv ait the uaies 
hii\eeihctitional TVami eUitromc 
communtctutons projects under ndv. 



Jctfcrv)n IS one of five schot^K «hat re- 
ceived free Wniing to Re.vd lah^ from Mat- 
tel. A-s McM.ihon talks to a visitor, some 
children prarKC around her, showing ol! 
their work, while others run trom computer 
to computer. At the far end of the r(H)m. t-d- 
ward. 10. sits intently before a terminal. t>p- 
mu away The teacher and her aides waich 
him m .imazcmcnt. while F'dward .s i £oi>d 
reader, they haven t been ihlo to tjel Mnii to 
v^rite a wfird A peek at the screen reveals a 
well'Organi/ed esvay descrihin>? a recent 
class trip to a restaurant. U co.A:ludes; " Ntrs 
McMahon is the best teacher sou could 
have U >ou do. vou will be luckv " (\'iiiput' 
ers can supplemeni. but never substitute tor. 
J good teacher. 

Critics once worried that tcchnoloc:y 
wouW isolate Mudenis trom each other and 
live i^acher: ]usi Ihe opposite has proved 
true. Television and telecommunications 
arc connecting cla>sn>om teachi.rs vMih one 
another, and inner-<:iiy sch<x)ls and rural 
districts arc linking up with Ihe outside 
worW. For example, both Whittle Commu 
nicaiions and the Cable News Nclwork oiter 
. lively, colorful daily news proi»rams tor hi-^h 
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s€hool Mudcn(s. WhiMlc's I2'minutc pro- 
gram. OuhukI Otic, js cooirovcrsial because 
It includci iNfco mmutcs of commercials; 
school* lil^c II because Whiiilc, which is 
sort owned by Time WariKr, ihc parcm of 
Fortune's publisher, throws in (ree TV 
monitors. VCRs, wiring, and siiellite dishes 
as pan of the deal. Ted Turner s IS mmute 
CSN Scwswoiti comes free of aJvertising 
but free of equ ipment is well. 

In Connecticut, tekcommunicaiions is 
promoting parenlil involvement in the 
schools. For the past two years, 34 schools 
have been participaling m a trial program 
called SNET Unks to U'^ming. developed 
by Southern rkw England Telephone in co- 
operation with the Slate department of edu- 
cation. A popuUr feature is VoiceUnk. 
vkhich encourages teachers 10 keep in touch 
Mbith parents by voice mail. 

Teachers in most ichooU communicate 
wiih parents primarily through written 
notes that end up « the bottom of the book 
bag. With voice mail, the teacher can record 
individual messages for each ptrcnt during 
lunch or after cUss, and the parents can le- 
spond when they have time. They just pKk 
up their Touch Tonc phone, dial a central 
number, and then punch in a personil iden- 
tification code to get a message or leave one. 

Joan Heffernan. a teacher at Buckingham 
Elemcniary School in Nwich, says she 
used to talk to parents once a year at par 



cms night, Now she commonly has as many 
as icn messages waiting for her at the end of 
Ihc day Because the SNET expcnmcnt will 
be ovci in June, Hcffcman is frantically ap- 
plying for grants so that the school can keep 
the VoiccUnk system. Says she: Tvc be- 
come very dependent on il." 

Telecommunications also brings ad- 
vanced science and math lo rural students, 
hke Ihose at West County High School in 
Leadwood. Missouri. • relatively poor tONfcn 
70 miles soulh of St. Louis. Three years ago 
Uadwood instalkd a S9,000 satellite dish 
so that the school couW receive such pro* 
grams as scientific teclurcs sponsored by 
TakMit Mountain Science Center in Avon. 
Connecticut. Asks school superimendent 
Claude Lynch: "Whafs our chance of get- 
ting Neil Armstrong or Carl Sagan to come 
10 our school?" 

Imagine spending a day listening to anas 
(ram Mour*.< Don Ciovonniy browsing 
through the Louvre -lingering over the 
Mom Usa and the Mmwiiie Mito- and tak- 
ing a trek through ancient Mayan ruins, 
stopping at times to inspect the most curt- 
ous artifacts Through multimedia- a aim- 
binatioo of interactive videodiscs, compact 
discs, digital audia and User scanners ->iU' 
dents can do all this and more. 

The enormous storage eapacit>' of laser 
disa and compact disc/read-only memory 
devices (CD-ROMs) allows schools to 



house entire librari' * of information \\\^ 
unlike textbooks, c n be updated every , \^ 
months, Compton 4, a subsidiary of Ency. 
clopaedia Britarnica, in conjunction wiih 
Josicn s Learning Corp., offers a 26*voluttK 
talking enc>'ck>pedia on a single compact 
disc that includes 15,000 still pictures, aoi. 
inaiion, magazines, and charU, and leu chil. 
drcn hear former President Richard Niw^ 
say, "I am not a crook." Cost: S89S, 
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ULTIMEDIA MAGIC is rog, 
tine at Centennial High School 
in Corona. California, With the 
_ _ _ help of $250,000 in equiproeni 
donated by AT&T, Centennial has recentl) 
beconK the first school in the US. to insuu 
a fiber opties-based wide-band video 
switching system, which is capable of simul- 
taneously transmitting high-quality vklco 
programs to up to 48 classrooms at once. 
Each class has a wide-screen monitor, so a 
teacher couki show, for example, chapter ta 
of CEL Cotnmunicauons VitUo Encyclope- 
dta of the 20th Century, It presenu TV foot, 
age of Martin Luther King's eerily prescient 
•I've Been to the Mountaintop'* speech m 
Memphis ihe night before he was shot. Sa\s 
Tom Wilson, director of educational lech 
fK>k>gy for the Corona-Norco Unified sch<v»l 
district: "How can you put the charisma ol 
Murtin Luther King in a book?" 

If computers are so greai, why havep uhcN 
caught on even fasier? Mainly becau^ o' 
poor hardware, so^l^^are, and maln^en3^v 
m ihe early days. Still, even with fhe advent 
• compuier networks, good programminc a* 
muhimcdia, questions aboul effecti\cn.A. 
linger. Reliable data on the impact of co- 
puters on student performance are scjr,, 
and miimly anecdotal Apple is spendmc v^ 
cral million dollars a sear on Apple Cu- 
rooms of Tomorrow (ACOT), a kMic-un- 
rcscarch project lhat studies Ihc impJ,t ^ 
icchnok)gy on leaching and learning Th 
company pro\ides students and teacher- 
20 U.S. classrooms \Mih computers for 
and home use. and funds university resc jr, • 
ers to stud) the ACOT classrooms 

preliminary results ha\e been gcncr. 
positive: ACOT beneficiaries appear u- • 
belter writers and more independeni k-" 
ers than students without such compuicf 
cess But cvaluaiors caution that A(« 
schools are too hieh lech to represent 
average school. In fact, one researcher v 
vcn Ross ai Memphis Stale Uni>ersii\ i 
shown (hat many slucknts \^ho Waw 
ACOT program and return to clas>es 
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out ctwpuien kwc Ihcir cduciliofial cdcc. 
Sas^ Rou: When >t)u five wmctHwh a car 
and laU il away, it dovjo t mean that pcflOO 
can «alk (aucr. The idea that the computer 
is |CNn| to ehanfC a ehiW cof mtivchr needs 
funher wpport. " 

Dcsiimni wdwwt tor the educatioo 
market eontuMCt W be trxki^ Comp*e« 
pcdasoccal MMiet emetfc. Will computen 
make Mudenis Uxy? WhM ikiUsdoel a child 
really need to kmw*? Mu« he learn to draw 




a graph, of just lo mierpiei one? Say* Appte 
rc^archer Wavne Cranl. who is currently 
grappling with such issues: Wtih matches. 
y^t kH4 the skill (A buikJing a fire by rubbing 
two uicki lofelhec. Bui I'm not sure that's a 
skill we need to preserve ' Even dkner. how 
loic^t whai ihe student has learned Vodav s 
siandardued tc«l like the SATs oJten re* 
quired for college entrance, do not measure 
ite ikilU computer* supposedly leKh. such 
as aiiicaJ thinking. The FJucatMOil Test* 
ing Service hai commuted S38 millkM over 
five ft%n 10 devetop compuief«baied test* 
mg loolt> 

Ev«n the most sophisticated hardware 
and software prognms are useless if leach* 
efs do not know how to use them. According 
10 the OflRce of Technology Assessment, 
only ooe«thirtJ of elementary- and second* 



irv.!<hool tcxhcrs h» c had as much as ten 
hours of computer t«inin|!. IBM ha^ rc« 
2vpondcd by cstabliMiing A S2S million pro- 
gram th« awards wme $200,000 to colkgcs 
that cpmc up with innovnivc wty» lo bnng 
icxhcrs up to speed on ebssronm technol- 
ogy So far 75 schools htvc reecn«d grants. 

For lU pan. Apple his formed the Chnv 
lophcr Columbus Consortium, a partnership 
of sw school distnctt and swcDlte|CSQ< edu- 
catHW. to exptore ways of using technology 
lo improve classroom instiuc- 
lion. The company has given 
more than $2 miHioo of equip- 
mem lo the group, with the 
siipulation thai it musi match 
(he gift dolUr tor dollar. 

A serious vkorry about the 
computerixjtion of the diss- 
room: It will widen the gap be* 
twcen the haves and have- 
nots. In Its siudy. the Office of 
Technology Assessincm found 
that students in poor schools 
have lesi access to computers 
than their peers in richer 
schooH htve. and that blacks 
have less access than whites, 
tn a recent computer compe- 
tency test cuntiucted by the 
BduaiKNul Testing ServKC, 
white students on average an- 
swered 47.6% of the questions 
cofitctly. vs. *0% for Hispi.i- 
icsan* m for blacks. 

Siiil the biggest barrier lo 
a technotogml revolution in 
the Khools IS cost. American 
schools have only one com* 
putcf for every 30 students. 
To reduce that raiio to 1 to 3. the Office of 
Technotogy Assessment estimates that the 
V S. woukl need lo spend an extra S4 bil* 
hon annually for years. 

Corporate America is filling some of the 
rKCd. Last year m California. Paci5c Bell. 
IBM. Lockheed, and oihor corporal ions sue* 
cc»»(uily k>bbicd the state tegislature for SI4 
millkm to support lechnotogy in schools. 
Last September, the Cibk Alliance for Edu- 
cation— a consonium o( 26 of the country's 
Urgest ctbk piogrammefs and opemors- 
pledged 10 provide all junior and senior high 
schooH with free cable insiAllaiion and basic 
servKebytheendof .992. 

Whst might ihe future bring? Jack Taub. 
creator of the Source, a collcciion of com- 
poterued databases* thinks he can dramau- 
cally tower the cost of getting computer and 



vKfco pn»gram* to the classroom. Taub eQvi« 
sions inUtrmaiHxi Itowmg mto Ihe schooli 
like gas and ckctricity. with users ptyin* 
only for what they need. Now head of a 
pany in New York City, he has pateniea i 
system, the Education Utility, lo make thai 
happen. 



HERE*S HOW IT WORKS. The 
Utility's naiKmal computer con. 
trol center in Memphis wdl pn>. 
vide access to all kinds n( 
cducaimnai sodware. databases, and inter* 
active videos. Whenever a teacher wants one 
of these, he simply orders it from the Utility 
Overnight a satellite beams the program to 
the school ! central computet where H re- 
mains for as tong as the school needs m 
Schools pay only for the time Ihey use the 
pfograms; the Education Utility coven the 
royalties to sodware manufacturers and 
other information lupplieis. 

If all goes according lo pUn. the sy^cm 
shouM pay for itself. Taub's idea is to kt 
people in the communiiy-college itudcms 
small businesses, parents, tocal organiu. 
tioni— call up programs tn the central com 
puier after school for a fee of SI JO an hmi 
Revenues wouM be split three wa\-s: Qn, 
third wouU go to the software sup(^ier. or^ . 
third to the Utility, and one*th'ird to ih. 
school. The xhool couki use the mone\ i.> 
pay for the system. The Utility will rcscn^ 
pan of its share to help rural schools ih. * 
will have fewer community users. 

Taub IS a missionary: And the Lord ui. 
*Tbou shall beat Swords into workM^ 
lions. But he ts a visionary too. andsm.i". 
people are beginning to listen to htm C*. 
emor Hill Clinton of Arkansas ihini« 
Taub's kka has potential, as does N.<* 
York City schools chanceltor Joseph 
naodez. In Arizona, the Utihty is alrej^s 
running in a Phoenix high school and (vr . 
Navaho reservation. 

One dav in April. Dick Lewis, a icacr . 
from Moon Valley High School in PhiKr • 
was visiting ihe Utility s local office. M • 
Valley is pJanning lo spend some S.Hah* • 
to install Ihe Utility; the school distnct 
jccu community access fees will brine • 
roughly $SO.000 lo S70M> per year \j> • 
58. can't wait to gel the program goin^ ' 
feels thai rather than reducing the nn. .■ 
the teacher, technotogy will enhance it i = - 
thought makes him wistful. "It s mind ^ • 
gling what we II be doing with this m t 
years," he says, "In two years I can rvtir. 
Uon't think I'm going to.** 
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Mr. VAuamNE. Thank you, sir; thank all of yoii. 

Let me ask Dr. Fortune, if you would give us. Doctor, some esti- 
mate if you can, of the cost, the volume m machinery, and the ap- 
piSdinate cost of this technology; if that is not an unreasonable m- 

quiry? _ 
And. also— well, TU ask you that first. , , ^ ^ 
^ FoSrwiB. Sure. One of the issues wou d how pervasive we 
wou^d W to have the compute™ in schools. Right now you have 
the model of the labor versus the classroom, because of cost, a ot 
S c^SJputera going into schools are going into labs, and typically 
you^ll have Ine to two labs, 30 to 60 computers m a given schcwl. 
^ A bt of us are hopeful, in order to do a better job of involving 
the t«acher that we will push the technology nght into the c ass- 
ro^m & W, you're looking at a lab of 30 stations and, irre- 
^ive of the hardware that we might suggest, you're talkmg 
about fiay, a thousand to $1800 per station. 

w^re lookingTt for a lab of 30 statioM-and when we say 30, 
we^e thSking i^ terms of one per student in a s^t- 
uLiwe're loSking at 30 to $40,000. And then m addition to that, 
y^^'d want adequate software. Software-depending on the ty^^^^ 
Mftware, can ^ any way-anywhere-from another 2500 up to an- 
other 30 000 for that lab of 30 stations. 

vSSS^e No^ when you-the first figure that you men- 
tioned, that was for the lab of 30 stations? 
Dr Fortune. That's— that's for the lab approach. 
aL in my testimony, I wanted to make the pomt and a part of 
theVecommendation of the 68 stations, six to eight stations in a 
cSasroom I'm very hopeful that, again, we will^ push the technolo- 
^^e claSroom so^at we can do a better job of involving the 

'XdTtKSdel you might want to look at anywhere from six 
to eight stations per classroom. . , ^ n • ^ 

Mr VALENTiNrDo you envision that a wellnaqmpped and weil- 
prSJided fo^hool woild utilize computerW instruction entire- 
ly, Thundred percent of the time. 50 percent, 75 percent? 

Ih- FortotjTi think entirely is sometime to come, and I don t 
knoJ; tlM^^ of us know at what point in time. Certainly one of 
S?e qu^oM^hat has been raised, at what point will computer 
tediSo^; Tomputer-based instruction, say. go so far as to replace 
the textbook, as an example. t fUir^k whnt 

I don't envision that happening m my lifetime. I do thmk what 
we'll see will be an increased amount of time way beyond what 
wl're^inTtXy.Tn a wide variety of ways. One example: Instead 
of teachew S the chalkboard to do presentations, f ve been n 
m^rSrS^i^ where teachers are.now using the computer with 
a bie screen projection to project the image. ■ ^ 

MdS imagine in an aJea such as mathematics or science-- 
and oni of the^tributions that computer technology, multimed a 
SfhSoloS contributes to the area of mathematics and science is to 
tS veor abstract qualities of math and science concrete for 

^^stuee a lot of alternative ways in which a teacher will present 
materiXin which students will use it but not necessanly to the 
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point that for eight hours a day a student will be, say, banging 
away at the computer station. 

Mr. Valentine. Of course, it's not intended that this would take 
the place of books. . „ , . ■ 

Dr. Fortune. Absolutely not. I see them really working in con- 

Mr Valentine. Let me— I want to come back to you, but I must 
ask Dr. Houlihan this question; If at the time when you were Su- 
perintendent in Granville County when I came to— to that school 
system and we went in the room with all those computera lined up, 
was that a computer-based instruction situation like we re talkmg 

about here? » , 

Dr. HouuHAM. Very definitely. Yes, it was. And if you remem- 
ber, our goal was to have students on— every student in that school 
system on the computer every day. As— as a tool, though; not to 
replace the teacher, and really not to replace the curnculum, but 
as a tool to help student— students— develop those basic skills. 

Mr Valentine. And you sit for at least part of the time, you 
bring the— the children ir t id they sit there and they deal with 
that computer on a 1-on 1 situation, don't they? 

Dr. Houuhan. That's correct, and you could have literally dif- 
ferent students at 28 different places in terms of instruction. But 
the key is what the teacher then does with what happens in that 
lab back in the classroom. 
If it— if it's a stand-alone situation, it's not nearly as ettective. 
Mr. Valentine. Is there a difference between. Dr. Fortune, what 
that average student could accomplish working with that computer 
on an individual basis, and not knowing that there was somebody 
back in the classroom who was going to giggle if the student made 
a mistake— is there a difference as to what a student might be able 
to accomplish under those circumstances and what that same stu- 
dent could do with the same problem, having gone through it sev- 
eral times, in the classroom exposed to all of the outrageous good 
humor of young folks, and let's face it, and the cruelties? 

I don't know why they were made that way, but they were— 
they'll say anything about anybody and don't care anything about 
anybody's feelings; call you dummy or whatever. 

What I'm really trying to say is, is there a difference between 
what you can do with this computer and what you re able to do 
when you go back into real life? 

Dr. Fortune. Yes, Mr. Chairman, the— there have beeji a 
number of studies that looked at the transferability of skills 
learned in a computer-based instruction setting and the carryover 
that that will have not only to the classroom and malung these 
youngsters much more confident, but also in terms of their per- 
formance on various types of achievement tests. n . ^ . 

Let me also point out, not only is this a great concern of students 
but also of adults. Some of the best applications of computer-based 
instruction that I've had the opportunity to see would be those 
adults whose reading skills are very poor, who have been very hesi- 
tant to go back and learn for the very reasons that you are point- 
ing out. But when having the opportunity to go to a computer- 
based instruction system, as you said, it's very private, can make 
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mistakes; the computer is patient, you can take your time; it makes 

* And-^nd^much more importantly, and one of the contributions 
that computer-based instruction and technology m general can 
make is that you can mold the instruction to the student at the 
level in which he or she might understand. And that is such a Dig 
contributions. When you have 30 students in a class, it s virtually 
impossible for the teacher to reach out and work with all ot the 
students at their various levels, even if they're similar-even if 
they have similar ability levels. , , * * « w 

Mr. Valentine. One of the reasons I asked that question is be- 
cause I am well aware with a disease known as stage tright— and i 
have it myself. And I always-when I went to Raleigh to Present 
my superb argument to the North Carolina Supreme Court. And 1 
stood up and faced those seven judges, the best argument was 
always the one that I made going back home, remembering thmgs 
that I didn't say to them. ,^ , ^ ^ ^ 

What about the Japanese? We always come back to that ques- 
tion. What can you tell us about what the Japanese people have to 
tell us about this situation? . j ^ j 

Dr Fortune. In preparation for this hearing I conducted an ex- 
tensive search to try to find out what was going on internationally, 
and I came across several articles as to what was occurnng in 
Japan in terms of computer-based instruction. , ^ ^ ^ 

Interestingly enough, they are approximately five to ten years 
behind the United States. Now we don't want to get too comfo: ta- 
ble because at the other end of the spectrum— and this is in terms 
of kindergarten through 8th grade instruction— by the time you get 
to the high school and at the college level, there are some very in- 
teresting examples of the appUcation of technology that are takmg 
place, particularly in the area of science, mathematics, and engi- 
neering at the secondary level and at the— at the college level. 

Also in Japan, we have schools known as juku, which are typical- 
ly schools in the afternoon, where you have not only the instruc- 
tional day going on for six hours, but typical another two to three 
hours after the regular instructional day; and the iwe of computer- 
based instruction is fmding it's way into these jukus throughout 

*^^iSt it's fair to say, that the United States is by far the leader in 
the use of computer-based instruction computer-based technology 
for instructional purposes. . , 

And— and another point to be made is, part of the reason is be- 
cause of the difficulty in te rms of the language, you know, the use 
of symbols in Japan and China, has held back the development and 
use of computer-based instruction. But that s about to change. 

New tecJmology is coming on that wUl recognize imai?es and 
handwriting, and I think that you'll see an acce eration in the use 
of computer-based instruction in Japan as a result of this new tech- 

^°Mr^ Valentine. Let me ask this question to the panel generally. 
At what age would it be practical to start attemptmg to mstruct 
young folks with this type of equipment? Kindergarten? 

The reason I asked that is because, you know, I thmk we would 
aU have to admit that one of the greatest problems in this society 
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is what happens to these little minds before they get to the school. 
What happens to them as a result of, you know, inattentive par- 
ents or those people who stand in locus parentis, whether it's 
grandparents or whatever, and in environments that where there 
is no incentive and no encouragement. As a matter of fact, in the 
environment where any degree of learning would be discouraged 
from the beginning. 

When could you really start to address that problem? 

Dr. Fortune. Sure, I'd be glad to. 

There's never an age that's too young to— to start a student. 
At — we have software from a variety of companies that now 
reaches down to preschool level — three-year-olds, four-year-olds. 
And what's interesting, I've talked with a lot of kindergarten 
teachers, a lot of school administrators, and often they will say, 
well, can you get these kindergarten youngsters to use the mouse, 
you know, the input device? 

And what's interesting, it's really the teachers and the adminis- 
trators who have the difficulty coordinating the mouse, not the 
kids. Typically, kids, through video games and other means, are 
well-versed and well-coordinated at manipulating the mouse. So— 

Mr. Valentine. That's the— that's the reason I call my— the 
seven-year-old kid from next door to tell me how to rig up that 
VCR. We couldn't figure out the instructions. This kid was able to 
do it. 

Dr. Fortune. Well, there's another interesting study— more than 
80 percent of VCR owners cannot program their VCR, so you are in 
very good company. 

Mr. Valentine. What percentage? 

Dr. Fortune. Greater than 80 percent. 

Mr. Valentine. Okay. 

Mr. Shanker, how lar^e of a problem is— is the business of re- 
sources for teacher trainmg in the proper use of educational tech- 
nologies even when the computers and software is available? 

Mr. Shanker. Well, it's a venr big problem because training 
takes time and time is money. If you do it doing school time, it 
means that you need other teachers to take the place of these 
teachers. If you do it during some other time, you're going to pay 
for both the trainers and you're going to pay for those being 
trained. 

And school districts across the countiy now, if you follow the 
headlines, you're watching this morning layoffs in New York — not 

d: the city, but around the State; and Connecticut. California 
n't got a budget yet. Illinois doesn't; Massachusetts, Florida. So 
when you're talking about laying people off and increasing class 
size and freezing saJaries. and everything else, about the last thing 
that's going to be on anybody's priority list is how we're going to 
create time for this sort of— sort of training. 
So that's— that's— that is a very important problem. 
But I also think there's another one, and that is that training 
people for something they're going to be doing later and there's 
not— often not very effective. I think what you frequently h:ive to 
have is— if you had the hardware and software there, and then had 
resources so that the people who needed it could reach on a practi- 
cally day-to<lay basis, that's a lot more helpful than getting some- 
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thing six months before the stuff comes in where somebody's going 
to abstractly tell you what's going to be there. 

It's a— it's just like, well, the kids learn it through doing and also 
the teachers, and so do all other adults. And you get a tremendous 
amount of loss if you treat this as an academic exercise. And 1 
think that's part— part of the problem with— with training is that 
we've got a wrong- wrong notion of what it should be like. 

Mr Valentine. Mr. Shanker, in your testimony you spoke about 
giving schools incentives, which would be needed to urge them to 

™ Wbat°can you— describe in more detail what you meant by that. 

Mr Shanker. What I'm talking about, incentives both for the 
adults and for youngsters. We just heard that Japan ^ far behind 
us in terms of using technology and yet, they do so well. 

Well, the Germans are far behind us, too, and so are the trench, 
and so are the British, and every other nation in the world whose 
kids are far out in front of us, are up to now not doing very much 
with technology. , ^ , , , , . 

That's not an argument against technology , but we ought to say. 
well, why are they succeeding without the use of technology.' 

Well, they're succeeding to a large extent because the parents 
and the youngsters in those countries know that if they don t do 
well in school there are going to be dire consequences. In Germany, 
if you don't pass a certain national examination, you don t go to 
college; and vou don't pass that unless you know how to read your 
language very well and write it very well, and unless you know 
mathematics at a pretty good level, and science, and the history ot 
your country. And parents know that, and teachers know that, and 
the kids know that, and so they work for it. 

In Japan, you know that— what you do or the kind of job you re 
going to get with a company eventually is going to depend on a 
very rigid system of merit, as defmed by them. „ x u « 

And so that's a system of incentives. And essentially it shows 
that even if you don't have the technology , even if you use old- 
fashioned methods that humiliate youngsters, and get them— that 
if you've got strong incentives, people will keep working. 

Now the two types of incentives you need are essentially you 
need incentives for youngsters that make them go through the 
hard work and effort that it takes to learn somethmg, and they re 
only going to put in that hard work if there are rewards and pun- 
ishments connected to that, in addition to the intrmsic excitement 
and enjoyment, which you can get a lot more out of in some ot— in 
terms of some of the technology that's available. 

As far as the adults are concerned, I think what you need is a 
system in which each school is considered an independent unit. 
Don't measure or check the schools every year because it you do 
vou're just going to test kids to death and nobody s going to go 
through the trouble of really changing the school if they know 
they've got to produce results in one year. 

Give people time to try things out. Give them time to learn 
themselv^. Give them time to, if something doesn t work, to recov- 
er. Give them three, four, or five years. But I would say that it you 
had a system where every four years or so you measured school im- 
provement— what percentage of our kids used to be able to write a 
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good letter, what percentage can write one now. What percentage 
used to be able to write an essay, or were able to solve mathemati- 
cal problems of a certain type. , , .t. . i. j 
And then have large rewards for the schools that have ^creased 
achievement; not the ones that started high and ended high, but 
the ones that started and moved up. 

Now if you were to do that for 10 or 15 percent of the f hcwils in 
this country every four years, you could create rewards like ^0, dU, 
40, or even $50,000 for every professional withm that school with- 
out it's costing an awful lot of money. , j f t 
On the other hand, at the-at the— at the other end, the far— I 
would have smaller rewards for those who had smaller achieve- 
ment. I'd have normal cost-of-living increases for those who a little 
below that. At the far bottom, where schools actually moving back- 
wards or doing nothing, Fd have somethmg that s equal to a hostile 
takeover and a loss of positions. , , , . u •* 
Now if you had a system like that, we wouldnt have to be sit- 
ting here asking ourselves why isn't there any technoloKr in the 
schools. If you put that system into effect tomorrow, vfhat are the 
people in that school going to do? They're going to sit down and 
Sk" how can we, as a team, win this thing four years from now? 

And they'd start saying, well, do we need some different teach- 
ers> Do we need some technology? Are we better off when three 
teachers retire, or are we better off using technology, or replacing 
them? Or are we better off hiring 30 graduate students to come in 
and do tutorial work? ^ . , x n^*^ 

In other words, get people to make intelligent judgments. Uet 
them to constantly look at what results do we get from technology; 
what results do we get from this; what results do we get from that 
The only way you're goinc to get people to constantb^ look at 
what works and what doesn^t work is if it makes a difference to 
them And right now we've got a school system in this country 
where if you succeed, it makes no difference to you; that is, you get 
your intrinsic enjoyment. But the chances are if yo", succeed, ev- 
erybody around you will say you're cheating, it wont work any- 
where else, you get dumped on. And if you fail for years, nothing 

^And^I say^for both the kids and the adults, you essentially-there 
have to be consequences. And that links up to the world of business 
also. I think we need businesses that hire on the basis o*— " y®}^ 
had McDonald's and Roy Rogers and Pizza Hut asking every high 
school kid who comes in for an afterschool job, show me your 
report card and bring me a letter from your teacher saying that 
thrwork you're doing in school is so excellent that you can afford 
to work every afternoon or evening; if the kids learned in school 
that what they're doing there is valued by the business communi- 
ty— not 10 years later, but right then and there— I think that you d 
get a different attitude towards learning. ««„^«„f 

Mr Valentine. I have to ask all of you if you care to comment 
on,' "to what extent do you think the national organizations of 
teachers are concerned about the problem that you just described? 

I know this might get in to a touchy area and aii area that is- 
may be ran naked into politics-but until at least recently, I no- 
ticed resistance from some, if not most of the school teachers in my 
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district, to a method of testing teachers. Arxd I think that sooner or 
later we're going— we're going to have to start with that project I 
think as a national plan because we're going to have to find some 
way, in my judgment, to weed out those people who are not willing 
to move into the area that you gentlemen have described to us 

Would you care to comment on that, Mr. Shanker, or anybody 

6lSG? 

Mr. Shanker. Well, we've been in favor of teacher testing. We 
like to test them before they come in instead of having them teach 
20 years and then test them and decide that you shouldn t have 
had them for the last 20 years, that— , . „ t r, . 

But before they do— and were very much in favor ot it. Kut 
there are several issues in teacher testing. You've got a lot ot 
teacher testing across the country right now. 

But the real question is, what level does a person have to achieve 
in order to become a teacher? , 
Now, because of the fact that we don't produce very many people 
in this country who are good at reading, writing, or mathematics, 
even those states that have teacher testing, hire people who 
achieve at very low levels. They don't tell that to the public; they 
just say that person passed the teacher test. But what does it mean 
they pass the test? Not much in most places. 

And, you know that Texas retested teachers, and Georgia retest- 
ed teachers, and Arkansas retested teachers. You know how many 
teachers in those States passed? Oh, about 99.9 percent. You know 
why 99.9 percent passed? After they looked at the results, they 
asked themselves, could we afford to let these people go; do we 
have anybodv waiting for these jobs is any better? 

So let's face it; there is nobody out there waiting in line with out- 
standing skills and language, science, and mathematics who wants 
to be a teacher. And there's no point in testing the people you ve 
got unless you've got somebody to replace with. j t'ii 

Mr Valentine. I realize that this leads us off the path and i ii 
try to come back. But I must say, making a parting shot, that 1 ve 
received a questionnaire within the past year from a national 
teachers organization, perhaps the teachers organization, and the 
questions on that questionnaire, two-thirds of them were addressed 
to social questions and other matters involving one s attitude 
toward abortion and that kind of thing, and had very little to do 
with what teachers in that organization should be concerned witn, 
that is, how to deliver the best possible job in the classroom. 

Well Mr. Joseph, in your testimony you recommend that we 
focus national attention on the need to equip students with techno- 
logical skills for the— for the work force. , , 

How, in your opinion, could we make learning more relevant to 
the skills students will need in the work force? . . 

Mr Joseph. We believe that business people in their comniuni- 
ties need to be sitting down with local boards of education, local 
school boards, and talking through what their community employ- 
ment needs will be. ^ , i. • i u 
In other words, if— if a widgit manufacturer needs certain skills 
to keep his factory operating and— and he or she discover for a 
number of years people are coming through the system without 
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those skills, they basically may be in a position, not necessarily t» 
give an ultimatum, but to basically say to the local community, it 
we can't find a way to produce people who know how to use these 
technologies, these machines, these applications, for the next tour 
or five years, we're going to probably have to take our factory 
someplace else, maybe to a different country where they know how 

to do those things. u i. u * » 

Well, obviously, no one's trying to force that, but what we re 
trying to do is get a better mix and match, a better personal inter- 
relationship with the local business people, sitting down with local 
school boards to talk about what their needs are and how you get 
people there. . . ^ 

Mr. Valentine. Dr. Tuscher, what are, in your opinion, are the 
danger areas in this technology . and how do we deal with them." 
Dr Tuscher. Could you repeat that question. Mr. Chairman.-' 
Mr. Valentine. What— for example, looking at the perhaps loss 
of competitive motivation, the impersonalization of the— of the 
learning process, what are the danger areas, such as these and per- 
haps others, and how do we deal with it? , , . . j 

Dr. Tuscher. I think one that you mentioned having to do with 
the impersonalization, I-I believe unless we change the use ot 
technology that is a reality of a problem that needs to be ad- 

New technology such as the digital technologies, which I ad- 
dressed, provide opportunities for a collaborative learning, coopera- 
tive learning in a technological environment. Most of the learning 
that takes place with technologies today is individually based with 
the student and the machine. This nee^ to be remediated and 1 
think that can be with the new technologies which are being ad- 
vanced, f . 1 

Another danger of the technology I think is to— some ot the ex- 
periences I've seen in the schools and some of the teachers who 
have passed through our institution in terms of training, is— is the 
use of technology without some directed outcomes and the use ot 
that technology, and see the benefits of the technology, yet they re 
using the technology because some of it is exciting, some ot it is 
motivating. And unless we can demonstrate as a few systems can 
be demonstrated, the productivity of these technologies, tliat s 
probably the greatest danger is utilizing resources in a way which 
are not productive. 

Mr. Valentine. Thank you. sir. .u * 

Thank you, gentlemen, very much for the time that it tooK you 
to prepare yourselves and for otherwise preparing and for coming 
to share these words of wisdom with us. 

Let me remind everyone here, that while we were approaching 
the end of the testimony, some young folks paraded into this ar^na 
from these two doors and they're ready to demonstrate to all you 
old fogies the latest techniques. j u„* t v^ono 

So 'Adth that, the subcommittee will stand adjourned, but I hope 
ti l everybody who can will stay and avail themselves of the 
knowledge that is here on both sides of the room. 

nVhereupon, at 1:02 p.m.. the subcommittee was adjourned.] 
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